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This  q u a r t e r l y  progress  r e p o r t  summarizes the  r e s u l t s  of Task E,  f o r  the 
per iod  from 1 January 1968 t o  31 March 1968. The i n t e n t  of Task E i s  t o  
gene ra t e  engineer ing pro to type  designs of l una r  and p l ane ta ry  s o i l  samplers 
and mechanical sample p rocesso r s .  These des igns  were t o  be based on 
breadboard mechanisms as  iden t i f i ed  by the J e t  Propuls ion Labora to r i e s ,  
Pasadena, C a l i f o r n i a .  This  t a s k  was scheduled t o  fol low the  completion 
of the l abora to ry  t e s t i n g  of two s o i l  samplers,  developed a t  Philco-Ford 
under a preceeding c o n t r a c t ,  and the f i e l d  t e s t i n g  of t hese  samplers 
a long  wi th  n ine  o the r  mechanisms furnished by J P L .  It was scheduled i n  
t h i s  manner so  t h a t  the  f u l l  benef i t  of the t e s t  experience wi th  these  
s o i l  samplers could be u t i l i z e d  i n  t he  completion of Task E .  
The sampler and processing mechanisms des igna ted  by JPL  in  the work s t a t e -  
ment a r e  l i s t e d  a s  fol lows:  
(E-1) Uncased Rotary Impact D r i l l  Sampler 
(E-2) Cased Rotary Impact Drill Sampler 
(E-3)* Conical Abrading Sieve Cone Sampler 
(E-4)* Hel i ca l  Conveyor Simple P a r t i c u l a t e  Sampler 
(E-5)" Backhoe Sampler 
(E-6)" S o i l  Auger Sampler 
* Mechanisms t e s t e d  i n  the preceeding t a sks .  
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(E-7) Miniature  Jaw Crusher 
(E-8)  Sample S ize  S o r t e r  
Based on subsequent conversa t ions  with JPL, the  fol lowing i n t e r p r e t a t i o n s  
a r e  considered t o  apply t o  t h i s  des ign  e f f o r t .  
The purpose of t h i s  t a s k  i s  t o  use the  r e s u l t s  and demonstrat ion of 
f e a s i b i l i t y  from v a r i o u s  breadboard sampler models t o  develop a more 
advanced engineering des ign .  
and r e l i a b i l i t y .  A l l  the  mechanisms l i s t e d  above a r e  i d e n t i f i e d  a s  geo- 
l o g i c a l  samplers and any cons ide ra t ion  of t h e i r  use a s  a b i o l o g i c a l  sampler 
i s  s t r i c t l y  secondary. 
mechanism as  a means of enhancing the success fu l  completion of " i n - s i t u "  
experiments such as was demonstrated f o r  t he  a - s c a t t e r i n g  experiment on 
Surveyor. I n  t h i s  case  the s o i l  sampler mechanism was used t o  a i d  i n  
d i s lodg ing  the a - s c a t t e r i n g  experiment when i t  f a i l e d  t o  deploy p rope r ly .  
These des igns  should emphasize s i m p l i c i t y  
The des ign  should cons ider  the  use of the  sampler 
Addit ional  c l a r i f i c a t i o n  was provided by JPL on the s p e c i f i c  des ign  
approaches tha t  should be pursued f o r  the simple p a r t i c u l a t e  sampler (E-4) 
and the p a r t i c l e  s i z e  s o r t e r  (E-8 ) .  The simple p a r t i c u l a t e  sampler (E-4) 
was no t  t o  be a l i n e a r  v e r t i c a l l y  deployed device ,  a s  t e s t e d  i n  the  f i e l d ,  
bu t  r a t h e r  a curved h e l i c a l  conveyor s imilar  i n  conf igu ra t ion  t o  the  
des ign  approach presented i n  F igure  1, SPS 37-46, Volume IVY page 137. 
The p a r t i c l e  s i z e  s o r t e r  (E-8)  des ign  a l s o  i s  t o  p ick  up the  b a s i c  approach 
of such a mechanism, developed a t  J P L  f o r  the  pe t rographic  microscope, as  
descr ibed  i n  JPL TM33-353. The j a w  c rusher  (E-7) des ign  has  a l s o  been 
r e d i r e c t e d  t o  apply the p r i n c i p l e s  of a r o t a r y  rock crusher  breadboard 
which has been b u i l t  by JPL and undergone some l i m i t e d  t e s t i n g .  Thus, 
a l though some pre l iminary  e f f o r t  was made on a jaw crusher  des ign ,  the  
f i n a l  design of t h i s  mechanism w i l l  be a r o t a r y  rock c rushe r .  
The design procedure used i n  performing t h i s  t a sk  c o n s i s t s  of the  
fol lowing.  
(1) Define the  des ign  c r i t e r i a  f o r  each mechanism. 
U t i l i z a t i o n  of JPL 'x  experience and o the r  sources  
i s  made i n  de f in ing  these  c r i t e r i a .  JPL  a s s i s t s  
i n  t h e  complete d e f i n i t i o n  of the  c r i t e r i a  f o r  each 
mechanism. 
(2 )  From these  c r i t e r i a  and p a s t  experience wi th  v a r i o u s  
a p p l i c a b l e  breadboard components, p re l iminary  
ske tches ,  schematics ,  l ayou t s ,  and block diagrams 
a r e  generated f o r  des ign  review. 
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(3) From the selected design approaches, a complete 
layout is generated and supported with the 
necessary analysis to provide a design in suf- 
ficient detail to allow a mechanical evaluation 
of the mechanism. This evaluation includes 
estimates of size, volume, and weight and a 























A t  the  i n i t i a t i o n  of  t h i s  t a sk ,  i t  w a s  apparent  t h a t  i n  o rde r  t o  minimize 
confusion i n  the des ign  goa l s  des i red  f o r  each sampler or  processor  
mechanism, t h a t  a d e f i n i t i v e  s e t  of design c r i t e r i a  should be d r a f t e d .  A 
pre l iminary  set  of the  design c r i te r ia  were presented  t o  JPL e a r l y  i n  the  
e f f o r t  f o r  t h e i r  review. I n  general  these  were accep tab le  but  have s i n c e  
been rev ised  and expanded t o  conform more nea r ly  wi th  the d e s i r e d  des ign  
o b j e c t i v e s .  The c r i t e r i a  f o r  mechanisms ( E - 4 )  h e l i c a l  conveyor simple 
p a r t i c u l a t e  sampler, (E-7) miniature  r o t a r y  rock c rushe r ,  and (E-8) 
sample s i z e  s o r t e r  i n  p a r t i c u l a r  have been reworked t o  r e f l e c t  the  
s p e c i f i c  design approaches requested.  These c r i t e r i a  a r e  presented  i n  
the  fol lowing paragraphs.  
2 . 1  UNUSED ROTARY IMPACT DRILL, E-1  
This  i s  an uncased r o t a r y  i m p a c t  sampling d r i l l  which i s  based on des ign  
components of both the JPL  and Hughes Tool Company models. The fol lowing 
i n i t i a l  design c r i t e r i a  a r e  assumed: 
(1) This d r i l l  must obtain a sample from s o l i d  
rock ,  rubble ,  sand, and cohesive powders. No 
seg rega t ion  of sample a s  a func t ion  of depth 
i s  r equ i r ed .  
(2)  The p a r t i c l e  s i z e  output  of the sampler s h a l l  
be 2 5 0 ~  or  l e s s  i n  d iameter .  
(3)  A minimum sample quant i ty  c o l l e c t e d  per  run s h a l l  
be 2 t o  3 grams of s o i l .  
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The sampler s h a l l  have the  c a p a b i l i t y  of 
r epea t ing  a sampling run  a t  l e a s t  one o r  more 
t i m e s  i n  s e v e r a l  l o c a t i o n s ,  i . e . ,  mounted on 
a deployment s t r u c t u r e .  
Continuous sample t r a n s p o r t  w i l l  be used. 
The ope ra t iona l  mode s h a l l  be such as t o  
minimize carryover  of one sample  t o  the  next  
by c l e a r i n g  the  d r i l l  and conveyor between 
sampling runs .  
Power requi red  should be 50 wa t t s  o r  l ess .  
The ho le  diameter s h a l l  be as s m a l l  a s  p o s s i b l e  
c o n s i s t e n t  wi th  acqu i r ing  a 2 t o  3 gram sample 
a t  a reasonable  depth i n  rock;  i . e . ,  l e s s  than 
5 cen t ime te r s  deep. 
Maximum depth of p e n e t r a t i o n  i n  material 
o t h e r  than rock s h a l l  be 25 cen t ime te r s .  
This  sampler w i l l  s t a r t  the d r i l l i n g  ope ra t ion  
without  impact a f t e r  being deployed t o  the 
su r face .  The sampler s h a l l  be capable  of 
sensing feed r a t e  t o  i n d i c a t e  rock.  Impact 
mode of d r i l l i n g  s t a r t s  when rock i s  sensed. 
The minimum d r i l l  r a t e  i n  b a s a l t  s h a l l  be 
.05 inches per minute. 
The a x i a l  t h r u s t  s h a l l  be l i m i t e d  t o  20 
pounds. 
I 2.2 CASED ROTARY IMPACT DRILL, E-2 This i s  a cased r o t a r y  impact sampling d r i l l  i n  which the  cas ing  can be 
e i t h e r  dr iven o r  s t a t i o n a r y .  The cas ing  is r o t a t e d  and d r iven  v e r t i c a l l y  
independently wi th  r e spec t  t o  the d r i l l .  This des ign  w i l l  cons ider  com- 
ponents of breadboard models b u i l t  by JPL. The fol lowing i n i t i a l  des ign  
c r i t e r i a  a r e  assumed. 
(1) This d r i l l  must ob ta in  a sample from s o l i d  rock,  
rubble ,  sand, and cohesive powder a t  o r  near the 
p l a n e t a r y  su r face .  It s h a l l  be capable  of 
ob ta in ing  an  e s s e n t i a l l y  uncontaminated rock 
sample from s o l i d  rock under an overburden not 
more than  20 cen t ime te r s  t h i ck .  
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(2)  The p a r t i c l e  s i z e  output of the  sampler s h a l l  
be 250p o r  l e s s  i n  d iameter .  
(3 )  Minimum sample quant i ty  c o l l e c t e d  s h a l l  be 2 t o  3 
grams of s o i l .  I f  rock i s  encountered,  two samples 
w i l l  be c o l l e c t e d .  A sample of overburden and a 
rock  sample. 
( 4 )  The sampler s h a l l  have the  c a p a b i l i t y  of r epea t ing  
a sampling run a t  least  one o r  more times i n  
several l o c a t i o n s .  
(5) Continuous sample t r a n s p o r t  s h a l l  be used. 
( 6 )  Power requi red  should be 50 wat t s  o r  l e s s .  
(7) The hole  diameter s h a l l  be as  small as poss ib l e  
c o n s i s t e n t  wi th  acquir ing a 2 t o  3 gram sample 
a t  a reasonable  pene t ra t ion  i n  s o l i d  rock;  i . e . ,  
l e s s  than 5 cent imeters  deep. 
(8) Maximum depth of pene t ra t ion ,  i f  no rock i s  
encountered, s h a l l  be 25 cen t ime te r s .  
(9) Th i s  sampler w i l l  s t a r t  d r i l l i n g  without  
impact.  It s h a l l  be  capable  of sens ing  feed 
r a t e  t o  i n d i c a t e  rock. Impact mode of 
d r i l l i n g  s tar ts  when rock i s  sensed.  
2 . 3  DEEP ABRADING CONE SIEVE, E-3 
This  des ign  i s  based on the  JPL deep abrading s i e v e  cone t e s t e d  i n  the 
f i e l d .  The bas i c  concepts  of the small h a l f  angle  cone as  a s e l e c t i v e  
a c q u i s i t i o n  device  w i l l  be re ta ined  i n  t h i s  des ign .  The fol lowing i n i t i a l  
des ign  c r i t e r i a  are assumed. 
(1) The sampler i s  not r equ i r ed  t o  o b t a i n  a sample 
from s o l i d  rock.  It i s  requi red  t o  o b t a i n  a 
sample from cohesive s o i l s ,  sand, rubble ,  and 
cohesive powder. It should have l imi t ed  sampling 
a b i l i t y  on s o f t e r  rock ma te r i a l  such as sandstone 
and v e s i c u l a r  pumice. S t r i c t  segrega t ion  of t he  
sample as a funct ion of depth i s  not  r equ i r ed .  
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The p a r t i c l e  s i z e  output  of the sampler s h a l l  
be 250p o r  l e s s  i n  diameter .  The p a r t i c l e  s i z e  
d i s t r i b u t i o n  obtained i n  the  f i e l d  t es t s  f o r  
t h i s  sampler m e t  t h i s  l i m i t  wi th  a mean g r a i n  
diameter  of 1 0 0 ~ .  
A minimum sample quan t i ty  c o l l e c t e d  s h a l l  be 
1 0  grams of s o i l .  
The sampler s h a l l  have the  c a p a b i l i t y  of r epea t ing  
a sampling run one or  more t imes i n  seve ra l  loca-  
t i o n s ;  i . e . ,  mounted on a s h o r t  boom. 
Continuous sample t r a n s p o r t  us ing  a h e l i c a l  
conveyor or  ba tch  ae roso l  pneumatic t r a n s p o r t  
may be used. 
Axial  t h r u s t  dur ing  sampling s h a l l  be l i m i t e d  t o  
20 pounds. 
A gimbal mount s h a l l  be employed t o  minimize the 
p o s s i b i l i t y  of d e f e a t  due t o  encounter ing a 
su r face  o b s t r u c t i o n  ( rock) .  
2.4 HELICAL CONVEYOR SIMPLE PARTICULATE SAMPLER, E-4 
This sample r  des ign  i s  based on the  JPL conG.ept of a simple p a r t i c u l a t e  
h e l i c a l  conveyor sampler u t i l i z i n g  a hard o r  e las tomer l i n e d  cas ing  and 
h e l i c a l  screw, The conf igu ra t ion  as shown i n  F igure  1, SPS 37-46, Volume 
I V Y  page 187, w i l l  se rve  as the b a s i s  f o r  the  des ign .  The bas i c  concepts  
w i l l  be re ta ined;  however, des ign  modi f ica t ions  suggested by the r e s u l t s  
of the f i e l d  t e s t i n g  w i l l  be eva lua ted .  The fol lowing i n i t i a l  des ign  
c r i t e r i a  a r e  assumed. 
(1) This  sampler w i l l  be capable  of  sampling only 
weak cohesive m a t e r i a l s ,  rubble ,  sand, and 
cohesive powder. A d r i l l  c u t t e r  s h a l l  be 
incorpora ted  a t  the  t i p  of the  sampler t o  
enhance i t s  c a p a b i l i t y  i n  s o f t  rock materials. 
Segregat ion of sample a s  a func t ion  of t r a v e l  
i s  no t  r equ i r ed .  
(2)  The p a r t i c l e  s i z e  output  of the  sampler s h a l l  
be 2 5 0 ~  o r  less i n  diameter .  
(3) A minimum sample quan t i ty  c o l l e c t e d  s h a l l  be 
2 t o  3 grams of s o i l  i n  t r a v e r s i n g  a minimum 
of 5 inches through the s o i l .  
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( 4 )  The sample s h a l l  have the  c a p a b i l i t y  of r epea t ing  
a sampling run one o r  more times by r eve r s ing  the 
motor t o  repos i t ion  f o r  t h e  next  cyc le .  
( 5 )  Continuous sample t r a n s p o r t  us ing  a h e l i c a l  
conveyor s h a l l  be used. 
(6) Deployment r a t e  sha l l  be se t  t o  be compatible 
wi th  the d e s i r e d  feed r a t e  of sample r .  
2 . 5  BACKHOE SAMPLER, E-5 
This i s  a backhoe type sampler u t i l i z i n g  some form of boom deployment 
combined wi th  a batch type of sample t r a n s p o r t  mode, probably a g r a v i t y  
dump. This  sampler i s  considered t o  be p r imar i ly  a su r face  sampler. The 
fol lowing i n i t i a l  des ign  c r i t e r i a  a r e  assumed. 
This  sampler w i l l  be  capable  of sampling only 
weak cohesive material ,  rubble ,  sand, and 
cohesive f i n e  powder. 
The p a r t i c l e  s i z e  output  of t h i s  sampler s h a l l  
be l imi t ed  t o  5 mi l l imeters  o r  l e s s  i n  d iameter .  
A minimum sample quant i ty  c o l l e c t e d  s h a l l  be 
10 grams of s o i l  per run. 
Batch type sample t r a n s p o r t  us ing  a g r a v i t y  
dump w i l l  be considered f o r  t h i s  sampler. 
The sampler s h a l l  have a deployable  range up 
t o  5 f e e t  and be able  t o  sample i n  a s e c t o r  wi th  
a minimum angle  of a r c  of 90 degrees .  
Both mechanically ex tend ib le  te lescoping  booms 
and f u r l a b l e  tape  c losed - sec t ion  booms (Ryan) 
s h a l l  be considered. 
The backhoe scoop des ign  s h a l l  be such t h a t  i t  
may be closed a f t e r  c l e a r i n g  the  su r face  without  
l o s i n g  excessive sample. Also,  the des ign  s h a l l  
be such t h a t  t he  scoop can  be completely c losed;  
i . e . ,  no rocks w i l l  be i n  a p o s i t i o n  t o  cause the  
scoop t o  be p a r t l y  wedged open. 
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2 .6  S O I L  AUGER SAMPLER, E-6 
This sampler i s  based on the  breadboard s o i l  auger developed by JPL and 
t e s t e d  i n  the f i e l d .  The b a s i c  concept of  the auger des ign  and sample 
t r a n s f e r  mode w i l l  be r e t a i n e d .  This i s  considered t o  be a shallow sub- 
su r face  sampler. The fol lowing i n i t i a l  des ign  c r i t e r i a  a r e  assumed. 
The sampler w i l l  be capable  of sampling only 
weak cohesive m a t e r i a l s ,  rubble ,  sand, and 
cohesive f i n e  powder. 
The p a r t i c l e  s i z e  output  of t h i s  sampler s h a l l  
be 5 mi l l imeter  or  l e s s  i n  diameter .  
A minimum sample q u a n t i t y  c o l l e c t e d  s h a l l  be 
2 t o  3 grams of s o i l  per  run.  
Batch type sample t r a n s p o r t  us ing  a s p i n  dump 
mode of s o i l  t r a n s f e r  w i l l  be considered.  
The sampler s h a l l  cons ider  both v e r t i c a l  deploy- 
ment and boom deployment t o  the su r face .  
I f  v e r t i c a l  deployment i s  used, the sampler w i l l  
be capable  of r epea t ing  the sampling run one o r  
more times i n  seve ra l  l o c a t i o n s .  
I f  boom deployment i s  used,  i t  s h a l l  be a simple 
non-extendable s h o r t  boom and be capable  of being 
deployed i n  a s e c t o r  wi th  a minimum included angle  
of a r c  of 90 degrees .  
Sample t r a n s p o r t  from the  sampling head w i l l  
cons ider  a g r a v i t y  dump mode f o r  the  boom 
mounted sampler.  
2.7 MINIATURE ROTARY CRUSHER, E-7 
This  i s  a miniature  c rusher  designed t o  break down l a r g e r  pebbles  t o  a 
s i z e  useable  by geologica l  a n a l y t i c a l  ins t ruments  such as the  X-ray 
d i f f rac tometer ,  the a lpha - sca t t e r ing  spectrometer ,  or the  pe t rographic  
microscope. 
se rve  as the  basis  of t h i s  des ign .  The fol lowing i n i t i a l  design c r i t e r i a  
a r e  assumed. 
The e x i s t i n g  JPL breadboard des ign  of a r o t a r y  c rushe r  w i l l  
(1) This c rusher  s h a l l  be capable  of accept ing  and 
reducing pebbles  up t o  5 m i l l i m e t e r s  i n  diameter 
contained i n  the sample de l ive red  t o  t h i s  c rushe r .  
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The rock crusher  output s h a l l  con ta in  p a r t i c l e s  
up t o  a maximum of 3 0 0 ~ .  
The maximum power consumption s h a l l  n o t  exceed 
an  average va lue  of 15 wat ts .  
The c rusher  s h a l l  be capable  of reducing hard 
rock such as b a s a l t ,  q u a r t z ,  e t c . ,  wi thout  metal-  
1 ur g i c a  1 c ont am ina  t i on. 
The c rusher  s h a l l  include the  means of prevent ing  
p a r t i c l e s  l a r g e r  than 5 mi l l ime te r s  from being 
inges ted  . 
The crusher  s h a l l  minimize t h e  p r o b a b i l i t y  of 
i n g e s t i n g  p a r t i c l e s  l a r g e r  than 300p which possess  
a high magnetic permeabi l i ty .  
2 . 8  SAMPLE PARTICLE SIZE SORTER, E - 8  
This processor  s h a l l  s e l e c t i v e l y  s o r t  by p a r t i c l e  s i z e  a sample de l ive red  
t o  i t  by any of the  samplers o r  the r o t a r y  rock crusher  i n t o  p a r t i c l e  s i z e  
c u t s  s u i t a b l e  f o r  use i n  geological  a n a l y t i c a l  ins t ruments  such a s  the 
X-ray d i f f r ac tomete r ,  a lpha - sca t t e r ing  spectrometer ,  or the pe t rographic  
microscope. The J P L  p a r t i c l e  s i z e  s o r t e r  developed fo r  the pe t rographic  
microscope as descr ibed  i n  JPL TM 33-353 s h a l l  se rve  a s  the b a s i s  f o r  t h i s  
design.  The fol lowing i n i t i a l  design c r i t e r i a  a r e  assumed. 
(1) This s i z e  s o r t i n g  processor  s h a l l  be capable of 
s epa ra t ing  the sample introduced i n t o  i t  i n t o  
i n t o  th ree  c u t s  with d > 300p, 50p < d < 300p, 
and d C 5 0 ~ .  
(2)  The sample introduced i n t o  t h i s  s i z e  s o r t i n g  pro- 
ces so r  may conta in  p a r t i c l e s  up t o  5 mi l l ime te r s  
i n  diameter .  
(3) This processor  w i l l  be capable  of repea t ing  the  
s i z e  s o r t i n g  opera t ion  on samples one or  more 
t imes.  
( 4 )  The maximum quant i ty  of sample processed i n  any 




T h i s  s e c t i o n  p resen t s  the  des ign  approaches f o r  the sampling and 
process ing  mechanisms thus  f a r  developed. The bas i c  cons ide ra t ions  f o r  
each des ign  are governed by the  ind iv idua l  des ign  c r i t e r i a  and func t iona l  
requirements  f o r  each mechanism. The des ign  goa l s  a r e  intended t o  produce 
the  s imples t ,  most compact, and l igh tweight  mechanism t h a t  s a t i s f y  these  
des ign  c r i t e r i a  and func t iona l  requirements.  The des igns  a r e  a l s o  t o  
inco rpora t e  the  r e s u l t s  obtained from breadboard models and any t e s t i n g  
t h a t  was accomplished wi th  these  models. I n  support  of the design e f f o r t ,  
JPL has  made a v a i l a b l e  t o  Philco-Ford v a r i o u s  ske tches ,  drawings, and 
r e p o r t s  as l i s t e d  i n  Table I. T h i s  information has  been supplemented by 
means of ve rba l  comments and suggest ions by JPL during the progress  of 
t h e  des ign .  
I n  the  fol lowing paragraphs each design i s  d iscussed  i n  a sequence 
fol lowing the  order  l i s t e d  in  the in t roduc t ion .  I n  most cases  the 
des igns  presented  r ep resen t  only p a r t i a l l y  completed des igns .  
3 .1  ROTARY/IMPACT DRILL SAMPLER, E-1 
Since one of the most c r i t i c a l  p a r t s  of t h i s  sample r  i s  the impact hammer 
and r o t a r y  d r i v e  mechanism, t h i s  des ign  was considered f i r s t .  The bas ic  
approach w a s  t o  determine whether or  no t  a more compact mechanization 
could be achieved t h a t  would de l ive r  t he  same impact c h a r a c t e r i s t i c s  of 
t h e  c a m  ac tua t ed  hammer t e s t e d  by Hughes Tool Company f o r  JPL. The bas i c  
assumptions were t h a t  a h e l i c a l  conveyor would be used t o  t r a n s p o r t  s o i l  

















































































































































































































































through the  hammer d r i v e  assembly t o  some po in t  above i t ,  and t h a t  one 
d r i v e  motor should ope ra t e  both the impact harmer and the r o t a r y  d r i v e  of 
t h e  d r i l l .  I f  p o s s i b l e ,  i t  should a l s o  provide t h e  d r i v e  f o r  the h e l i c a l  
conveyor. To s a t i s f y  these  assumptions, a f r e e  wheeling crank system t o  
compress the hammer spr ing  was considered. The c rank  i n  t h i s  system is  
connected t o  the  d r i v i n g  source through an over-running c l u t c h  so t h a t  as 
top dead cen te r  i s  passed the spr ing i s  f r e e  t o  a c c e l e r a t e  the  hammer 
c a r r y i n g  the connect ing rod and crank wi th  i t .  Af t e r  impact t h e  over- 
running c l u t c h  engages the d r i v e  s h a f t  which l i f t s  the  hammer and com- 
p r e s s e s  the  d r i v e  sp r ing .  The ve loc i ty  and s t r o k e  c h a r a c t e r i s t i c s  f o r  








IMPACT HAMMER PARAMETERS 
1.75 l b s  
40 l b / i n c h  
40 l b s  
50 l b s  
1 .5  f t - l b s  
240 rpm -+- .5 inch Crank Speed Hammer Stroke 
The C h a r a c t e r i s t i c s  f o r  th ree  types of harmers a s  shown i n  Figure 1 were 
compared i n  order  t o  a s s e s s  what d i f f e r e n c e s  might e x i s t  i n  the  ope ra t ion  
of the hammer. The type A hammer is  one t h a t  has  been b u i l t  and t e s t e d  
by JPL but  not n e c e s s a r i l y  wi th  the same parameters  l i s t e d  i n  Table 11. 
The type B hammer is  the  approach descr ibed  e a r l i e r  and the  type C hammer 
i s  a cam ac tua ted  device  b u i l t  and t e s t e d  by both JPL and Hughes Tool 
Company. The v e l o c i t y  and s t roke  c h a r a c t e r i s t i c s  are shown i n  F igure  2 
f o r  t hese  hammer types .  The most n o t i c e a b l e  d i f f e r e n c e  i s  the  number of 
impact s t r o k e s  de l ive red  per  revolu t ion  of the crank d r i v e  s h a f t .  The 
same r o t a t i o n a l  speed i s  assumed f o r  each crank d r i v e  s h a f t  i npu t .  
The type B hammer wi th  the  over-running c l u t c h  d e l i v e r s  more s t r o k e s  per  
r evo lu t ion .  For t h i s  conf igura t ion  the r a t i o  i s  1 . 7  impacts t o  one impact 
f o r  each of the  two o ther  types .  It should be poin ted  out  t h a t  t h e  c a l -  
c u l a t i o n s  a r e  made neg lec t ing  f r i c t i o n  i n  the  system and making no allowance 
f o r  c l ea rances  r e s u l t i n g  i n  l o s t  motion. Thus, the hammer v e l o c i t y  a t  
impact i s  t h e  same f o r  a l l  t h ree  types.  In  t h i s  c a s e  i t  is  8 fps .  The 
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peak hammer v e l o c i t y  during the r e t r a c t i o n  p a r t  of the  s t r o k e  i s  the  same 
f o r  type A and B and is  s l i g h t l y  less than 1 fps .  Since type C u s e s  a 
f u l l  r o t a t i o n  of the d r i v e  s h a f t  t o  accomplish t h e  hammer r e t r a c t i o n ,  the 
peak r e t r a c t i o n  ve loc i ty  i s  h a l f  t h a t  f o r  types A and B. I f  the d r i v e  
s h a f t  v e l o c i t y  for  type R i s  reduced t o  produce the same impact r a t e  as  
type A and C ,  then the peak r e t r a c t i o n  v e l o c i t y  i s  a l s o  reduced t o  a va lue  
more nea r ly  l i k e  t h a t  f o r  the type C hammer. Thus, i t  would appear t h a t  
t he  type B hammer i s  p o t e n t i a l l y  more e f f i c i e n t  than type A o r  C; however 
the  primary inf luence on hammer e f f i c i e n c y  i s  the  r educ t ion  o r  e l imina t ion  
of s l i d i n g  f r i c t i o n  between the  hammer and the guides .  This  sugges ts  the 
use  of some s o r t  of r o l l i n g  guide f o r  the hammer which w i l l  be examined 
more Lully as the des ign  progresses .  
Since a l i g h t e r  hammer might be des i r ed ,  i t  i s  necessary t o  examine the 
e f f e c t  of varying t h i s  parameter.  The v e l o c i t y  of the hammer while  i t  i s  
being acce le ra t ed  by the sp r ing  i s  g iven  by the r e l a t i o n  
v 2 = k ( x 2 - x )  2 2  
w 
where W i s  the hammer weight,  k i s  the spr ing  c o n s t a n t ,  x2 i s  the maximum 
compression of the sp r ing ,  and x i s  some po in t  i n  the s t r o k e .  S u b s t i t u t i n g  
t h i s  v e l o c i t y  i n t o  the express ion  f o r  k i n e t i c  energy y i e l d s  
1 w v 2  = W . %  2 2 K 2  2 KE = - -  (x2 - x ) = - (x2 - x ). 2 g  2g 2 
From t h i s  i t  i s  seen t h a t  the  mass of the harmer can be reduced without  
changing the  k i n e t i c  energy i n  the hammer a t  impact; however, the  v e l o c i t y  
c h a r a c t e r i s t i c  of the  hammer i s  a l t e r e d ,  a s  i s  the d u r a t i o n  of the impact 
s t roke .  Since the sp r ing  d r i v i n g  fo rce  v a r i e s  between 30 and SO pounds, 
a good e s t ima te  of the  time v a r i a t i o n  of the  impact s t r o k e  can be achieved 
by assuming an average va lue  f o r  the  a c c e l e r a t i o n  of the hammer. This  
a c c e l e r a t i o n  i s  given by 
F w g  a =  
where F is  the spr ing d r i v i n g  fo rce .  The time r equ i r ed  t o  t r a v e l  a 
d i s t a n c e ,  s ,  i s  given by 
?, 
2 s  2sw 
a Fg 













Thus, i t  i s  seen t h a t  the  du ra t ion  of the impact s t roke  i s  reduced i n  
propor t ion  t o  the square r o o t  of the hammer weight.  A r educ t ion  i n  hammer 
weight by a factor of four  reduces the du ra t ion  of the impact s t r o k e  by a 
f a c t o r  of two. For  t h i s  reduct ion  i n  hammer weight,  the  type B hammer now 
produces impacts a t  the r a t e  of 1.84 t o  one, which i s  approaching twice 




















t h e  r a t e  of the type C hammer f o r  the  same d r i v i n g  speed,or  converse ly ,  
almost h a l f  the  i n p u t  d r i v e  s h a f t  speed f o r  the same impact r a t e .  This  
weight reduct ion  w i l l  y i e l d  a hammer weighing s l i g h t l y  l e s s  than one-half  
pound which i s  more c o n s i s t e n t  with a l i g h t  weight d r i l l  des ign .  
' A p o t e n t i a l  advantage of the type B hammer i s  t h a t  the  over-running c l u t c h  
w i l l  a l low the hammer t o  rebound from the  a n v i l  p a r t i a l l y  compressing the  
spr ing .  By v i r t u e  of the  one way or  r a t c h e t  type a c t i o n  of the  c l u t c h ,  
t h i s  compression can be r e t a i n e d  i n  the sp r ing .  Thus, some energy recovery 
i s  poss ib l e  wi th  t h i s  system. Since the  rebound v e l o c i t y  of the  hammer i s  
determined by the  r e l a t i v e  mass of the  h a m e r  and d r i l l ,  t h i s  f e a t u r e  of 
energy recovery could be important i n  a l i g h t  hammer system i n  improving 
the  e f f i c i e n c y  of the  system. A prel iminary mechanization of the type B 
hammer i s  shown i n  F igure  3 .  This approach al lows one motor t o  be used 
to  d r i v e  the  d r i l l  i n  r o t a t i o n ,  operate the hammer, and t o  d r i v e  the  
h e l i c a l  conveyor. The over-running c l u t c h  i n  the impact hammer d r i v e  
w i l l  a l s o  provide t h e  c a p a b i l i t y  of ope ra t ion  i n  two modes. One i s  a 
combined ro ta ry / impact  mode of d r i l l i n g  which i s  the normal mode f o r  hard 
rock.  By r eve r s ing  the  d r i v e  motor r o t a t i o n ,  i t  i s  p o s s i b l e  t o  run  the  
d r i l l  i n  a simple r o t a r y  d r i l l i n g  mode s i n c e  the over-running c l u t c h  w i l l  
not  now engage t h e  hammer ac tua t ion  crank.  For the  conf igu ra t ion  a s  
shown i n  Figure 3 ,  r e v e r s i n g  the  d r ive  motor w i l l  a l s o  r eve r se  the h e l i c a l  
conveyor r o t a t i o n .  Thus, i f  the  dual mode of ope ra t ion  i s  d e s i r e d ,  some 
means of provid ing  the  proper  r o t a t i m  of the h e l i c a l  conveyor i s  neces- 
s a ry .  This can be accomplished by us ing  a dual  gear  t r a i n  d r i v e  t o  the 
h e l i c a l  conveyor having outputs  of oppos i te  r o t a t i o n a l  sense .  The proper 
output  i s  then  engaged t o  the h e l i c a l  conveyor through a p a i r  of simple 
over-running c l u t c h e s .  
A s  shown i n  the  conf igu ra t ion  of Figure 3 ,  the  sample i s  t ranspor ted  up 
the  h e l i c a l  conveyor and empties i n t o  a c losed  chamber. A j e t  of a i r  
o r  compressed gas  i s  introduced in to  the chamber which p icks  up and ca r -  
r ies  the  sample pneumatical ly  by the flow out  of the chamber. The sample 
i s  c a r r i e d  through a tube t o  a cyclone c o l l e c t o r  l oca t ed  i n  the  payload. 
While t h i s  approach i s  simple t o  mechanize, i t  s u f f e r s  from the f a c t  t h a t  
a s t o r e d  gas  supply must be ava i l ab le .  I f  t h e  d r i l l  i s  t o  be used i n  a 
l a r g e  number of repea ted  o r  prolonged ope ra t ions ,  the  amount of gas  
r equ i r ed  could become excess ive ly  l a r g e .  More e f f i c i e n t  use of the  
pneumatic gas  supply can be achieved i f  a v a l v i n g  system i s  incorporated 
w i t h  the chamber loca t ed  a t  t he  top of the  h e l i c a l  conveyor so  t h a t  the 
flow i s  i n t e r m i t t e n t ;  i . e . ,  flows occur f o r  only a small p a r t  of each 
r o t a t i o n  of the d r i l l .  A completely mechanical sample t r a n s p o r t  system, 
whi le  more complex, i s  probably more d e s i r a b l e  f o r  t h i s  sampler. Such a 
system w i l l  be pursued i n  the f i n a l  design of t h i s  sampler mechanism. 
Two methods were considered f o r  deploying t h i s  d r i l l .  The f i r s t  method 
i s  a s l i d i n g  bar arrangement as  shown schemat ica l ly  i n  F igure  4 .  
arrangement the  in te rmedia te  s l i d i n g  bar  i s  extended a t  the same time 












t h a t  t he  d r i l l  i s  t r a v e r s i n g  along it .  The i n i t i a l  i n t e n t  was t o  u t i l i z e  
a s i n g l e  dr ive  f o r  a l l  the elements of the deployment mechanism. A d e f e c t  
of t h i s  scheme i s  t h a t  if the  su r face  of the  s o i l  i s  encountered a t  some 
d i s t a n c e  l e s s  than 1 2  inches below the stowed p o s i t i o n ,  t he  depth of pene- 
t r a t i o n  i s  l imited t o  a va lue  equal t o  the  d i s t a n c e  t r ave led  i n  reaching 
the  s u r f a c e ,  This i s  caused by the in te rmedia te  s l i d i n g  bar  reaching  the  
su r face  which w i l l  then preclude f u r t h e r  advance of the  d r i l l .  This  can  
be avoided by moving the d r i l l  and then the in te rmedia te  bar s e q u e n t i a l l y  
a t  the  expense of some a d d i t i o n a l  complexity i n  the  d r i v e  mechanism. The 
maximum extension f o r  t h i s  approach i s  24 inches .  I n i t i a l  a t tempts  t o  
mechanize t h i s  approach d i d  not  r e s u l t  i n  as  simple and compact a s t r u c t u r e  
as appeared to be probable .  
An a l t e r n a t e  method f o r  deploying the d r i l l  i s  shown schemat ica l ly  i n  
F igure  5 .  
deploy the d r i l l  t o  the  su r face  and a long i tud ina l  feed screw t o  advance 
t h e  d r i l l  i n to  the  su r face .  The diagonal  s t r u t  a t t ached  t o  the lower 
p a r a l l e l  bar  l i n k  i s  an extendable  member such as a l ead  screw running i n  
a threaded s leeve.  In  opera t ion  the diagonal  s t r u t  extends causing the  
p a r a l l e l  bar  l inkage  t o  deploy the d r i l l  t o  the s u r f a c e .  When c o n t a c t  w i t h  
a s u b s t a n t i a l  s u r f a c e  i s  made, the deployment load bu i lds  up which can be 
sensed t o  terminate the  deployment ope ra t ion .  The diagonal  s t r u t  and 
lower p a r a l l e l  bar  l i n k  then forms a r i g i d  t r u s s  i n  conjunct ion  wi th  the  
support  s t r u c t u r e .  The a x i a l  feed screw i s  then a c t i v a t e d  t o  begin the  
d r i l l i n g  operat ion.  This mechanism can be stowed i n  fundamentally the 
same volume a s  t h e  f i r s t  approach; however, i t  provides  more v e r s a t i l i t y  
i n  emplacing the d r i l l  both r a d i a l l y  and v e r t i c a l l y .  
v e r t i c a l  reach i s  achieved than wi th  the  f i r s t  approach. One p o s s i b l e  
disadvantage i s  t h a t  t h i s  deployment mechanism could be l e s s  r i g i d ;  how- 
eve r ,  s ince  the impact energy i s  low (approximately 1 .5  foo t  pounds) and 
the  a x i a l  t h r u s t  i s  low (approximately 20 pounds),  the r e q u i s i t e  r i g i d i t y  
should be achievable .  
T h i s  mechanism c o n s i s t s  of two p a r t s ,  a p a r a l l e l  bar l i nkage  t o  
E igh t  inches more 
3.2 CASED ROTARY/ IMPACT DRILL, E-2  
No s p e c i f i c  design e f f o r t  has  been pursued on t h i s  sampler a t  the  r eques t  
of JPL pending an  u l t ima te  dec i s ion  on the  d e s i r a b i l i t y  of such a device .  
However, i t  is noted t h a t  most of t h e  des ign  accomplished on the uncased 
rotary/ impact  d r i l l  (E-1)  i s  d i r e c t l y  a p p l i c a b l e  t o  the des ign  of t h i s  
device .  The same impact hammer d r i v e ,  h e l i c a l  conveyor sample t r a n s p o r t ,  
and deployment s y s t e m  can be used. I n  a d d i t i o n  t o  the d r i l l  r o t a r y  d r i v e ,  
the  cas ing  m u s t  be capable  of being d r iven  independent ly  i n  both r o t a t i o n  
and a x i a l  feed. The i n t e n t  of t h i s  sampler concept i s  t o  provide t h e  capa- 
b i l i t y  of pene t ra t ing  a loose  overburden u n t i l  s o l i d  rock i s  reached.  A t  
This  po in t  the cas ing  i s  t o  e f f e c t  a s e a l ,  where the  ho le  e n t e r s  the rock,  
t o  prevent  contamination of the sample c o l l e c t e d  from the  rock by m a t e r i a l  
contained i n  the  werburden .  The a d d i t i o n a l  mechanical complexity of 
t h i s  device  i s  f e l t  t o  be d i f f i c u l t  t o  j u s t i f y  on the b a s i s  of the pro- 
b a b i l i t y  of encountering s o l i d  rock near  t h e  su r face  and the  u l t i m a t e l y  















3 . 3  CONICAL ABRADING S I E V E  CONE, E - 3  
This sampler design e f f o r t  i s  based on the  deep abrading cone sampler 
developed by JPL and t e s t e d  i n  the  f i e l d  as repor ted  i n  t h e  f i n a l  r e p o r t  
covering t h a t  task .  In  the form t e s t e d ,  t h i s  sampler used a h e l i c a l  
conveyor running i n  a rubber l i n e d  cas ing .  
t r a n s p o r t  was used on the  uncased ro ta ry / impact  d r i l l  des ign  (E-1), i t  
was decided to explore  o the r  approaches f o r  t r anspor t ing  the  sample wi th  
t h i s  sampler mechanism. N o  changes i n  the  e x t e r n a l  conf igu ra t ion  of the  
abrading cone were made i n  t h i s  des ign  s ince  the e x i s t i n g  conf igu ra t ion  
performed s a t i s f a c t o r i l y  i n  the f i e l d  tes ts .  
Since t h i s  method of s o i l  
Two sample t ranspor t  methods us ing  pneumatic t r a n s p o r t  were considered.  
The f i r s t  approach i s  shown i n  F igure  6 .  I n  t h i s  approach the abraded 
s o i l  sample passes through the  s l o t t e d  openings i n  the cone and c o l l e c t  
a t  t he  base.  When s u f f i c i e n t  sample has c o l l e c t e d  t o  a depth which covers  
the  base of the low speed h e l i c a l  conveyor o r  auger feed ,  s o i l  i s  c a r r i e d  
up the s h o r t  h e l i c a l  conveyor and s p i l l s  i n t o  a closed chamber. The d r i v e  
s h a f t  t o  t he  h e l i c a l  conveyor is  a l s o  a tube t h a t  provides  a pa th  f o r  
p re s su r i zed  t ranspor t  gas  which emanates from the e x i t  tubes c r e a t i n g  an  
a e r o s o l i z i n g  j e t  t o  p ick  up the  s o i l  p a r t i c l e s .  The flow out  of the  
chamber up the d r i v e  s h a f t  of the abrading cone c a r r i e s  the s o i l  sample 
through a t r ans fe r  tube t o  a cyclone c o l l e c t o r .  The s o i l  i n  the  feed 
auger o r  h e l i c a l  conveyor a c t s  as a s e a l  t o  prevent  the pneumatic flow 
a long  the  auger. The gas  supply i s  valved i n t e r m i t t e n t l y  t o  conserve the  
amount of t ranspor t  gas r equ i r ed .  
Another approach based on the  valved sample t r a n s p o r t  system used on the  
breadboard model of the  c y l i n d r i c a l  abrading  s i eve  wi th  c losed  pneumatic 
t r a n s p o r t  developed by JPL i s  shown i n  F igure  7 .  I n  t h i s  case  an i n t e r n a l  
c a v i t y  a t tached t o  a hollow s h a f t  mounted c o n c e n t r i c a l l y  wi th  the abrading 
cone d r i v e  shaf t  se rves  as a r e c e p t a c l e  i n t o  which the s o i l  i s  depos i ted .  
This  c e n t r a l  tube i s  f ixed  t o  the  support  s t r u c t u r e  so t h a t  i t  does not 
r o t a t e  wi th  the abrading cone d r i v e  s h a f t .  The s o i l  p a r t i c l e s  e n t e r  t h e  
con ica l  head through the e n t r y  s l o t s  and f a l l  t o  the bottom of the cone 
where i t  i s  f ree  t o  e n t e r  the c a v i t y  through an opening i n  the  bottom 
t h i r d  of the  i n t e r n a l  c a v i t y .  An e las tomer ic  s e a l  bonded t o  the i n s i d e  
su r face  of the abrading cone c l o s e s  t h i s  opening once i n  every r o t a t i o n  
of the abrading cone, s i n c e  the i n t e r n a l  c a v i t y  does no t  r o t a t e .  A t  the  
same time a valve loca ted  a t  the  top of the abrading cone admits  a quan t i ty  
of pressurized gas  which emerges as a n  a e r o s o l i z i n g  j e t  from the  gas  out -  
l e t  tube.  T h i s  gas then flows up the c e n t r a l  support  tube t o  a cyclone 
c o l l e c t o r  carrying the  s o i l  sample wi th  i t .  
The breadboard model t e s t e d  i n  the f i e l d  had the d r i v e  and feed mechanism 
gimballed a t  the  upper end so  t h a t  the  abrading head could swing away 













ELA5TOMERIC V A L V E  























This  des ign  i s  based on a JPL prototype using a h e l i c a l  conveyor mounted 
on a f l e x i b l e  s h a f t  so t h a t  it can be run  i n  a curved housing. This  
approach d i f f e r s  from the simple h e l i c a l  conveyor t e s t e d  i n  the f i e l d  i n  
t h i s  r e s p e c t .  The model t e s t e d  in  the  f i e l d  had a r i g i d  h e l i c a l  conveyor 
running i n  a s t r a i g h t  ca s ing  or housing. N o  rubber l i n e r  i s  used i n  the  
housing f o r  t h i s  conveyor, although i t  could be considered.  
done t o  allow the  abrading  head t h e  freedom t o  seek a d e s i r a b l e  e n t r y  
p o i n t  i n t o  the  s u r f a c e  between any rocks o r  cobbles  t h a t  might be en- 
countered.  This r e q u i r e s  the feed t o  be a l s o  gimballed so t h a t  the a x i a l  
feed i s  always app l i ed  i n  a d i r e c t i o n  p a r a l l e l  t o  t he  a x i s  of the  abrading 
cone and the hole  i t  d igs .  The cur ren t  des ign  approach i s  t o  r ep lace  
t h e  fou r  bar l inkage  and p i v o t  which provided t h i s  freedom of movement 
wi th  a sphe r i ca l  b a l l  j o i n t  which should be more compact. Can t i l eve r  
s p r i n g s  arranged around the  periphery of the d r i v e  mechanism w i l l  se rve  
t o  sp r ing  load the  mechanism t o  the nominal v e r t i c a l  p o s i t i o n .  These 
sp r ings  w i l l  a l s o  react t h e  torque genera ted  by the  abrading head. 
It i s  planned t o  use a p a r a l l e l  bar l inkage  t o  deploy the  sampler from 
the  stowed p o s i t i o n  t o  the surface i n  a manner similar t o  t h a t  used by 
t h e  uncased ro ta ry / impact  d r i l l  (E-1). A modified v e r s i o n  of the canted 
r o l l e r  feed mechanism, used on the VCS sampler developed by Philco-Ford, 
w a s  considered f i r s t  f o r  obtaining the  requi red  feed;  however, t h i s  
approach d i d  not  lend i t s e l f  t o  a c l e a n  s o l u t i o n  f o r  ob ta in ing  a pneu- 
mat ic  t r a n s p o r t  pa th  p a s t  the feed mechanism. A l t e r n a t i v e  approaches 
being considered a r e  a l ead  screw feed and cab le  ac tua t ed  te lescoping  
tubes mounted c o n c e n t r i c a l l y  around the  a x i s  of the sampler mechanism. 
3 . 4  HELICAL CONVEYOR SIMPLE PARTICULATE SAMPLER, E-4 
The pro to type  model b u i l t  by J P L  has two bends i n  the  h e l i c a l  conveyor 
a s  shown i n  F igure  8. The housing i s  r o t a t e d  about  the a x i s  as shown 
so t h a t  t he  t i p  of the  conveyor sweeps through the  arc R 1  and e n t e r s  
t he  su r face  of the  s o i l .  The f i r s t  5 t o  6 i nches  of t he  conveyor housing 
i s  formed t o  a r a d i u s  equal  to R1 so t h a t  i t  can follow the  t i p  through 
t h e  curved ho le  made i n  the so i l  without  i n t e r f e r e n c e .  I n  loose  ma te r i a l  
t he  sampler can proceed p a s t  t h i s  p o i n t  but  i n  cemented ma te r i a l  the 
p e n e t r a t i o n  of the  sampler i s  l imited t o  t h i s  5 or  6 inch length .  The 
r a d i i  R2 and Rg a r e  determined by the  f l e x i b i l i t y  of the h e l i c a l  conveyor 
s h a f t .  These should be kept  as l a rge  as  p o s s i b l e  c o n s i s t e n t  wi th  small 
s i z e  t o  minimize power l o s t  i n  f lex ing  the  h e l i c a l  conveyor s h a f t  a s  i t  
r o t a t e s .  The approach taken i n  t h i s  des ign  i s  t o  e l i m i n a t e  the  bend 
a s s o c i a t e d  wi th  the r a d i u s  R3 while r e t a i n i n g  the  a b i l i t y  t o  d e l i v e r  the 
sample t o  a f ixed  p o i n t .  Such a conf igu ra t ion  i s  shown i n  F igure  9.  I n  
t h i s  conf igu ra t ion  the  e x i t  point  i s  loca ted  over t h e  r ece iv ing  cup i n  
such a manner t h a t  it sweeps across  the  cup symmetrically wi th  r e spec t  













t r a v e r s e s  through a l e v e l  su r f ace .  This  n e c e s s i t a t e s  t he  use of an  annular  
bear ing  o r  support p o i n t  so t h a t  the  r ece iv ing  cup i s  loca t ed  a t  t he  c e n t e r  
of r o t a t i on. 
The feed of the sampler i s  provided by a geared d r i v e  through a s l i p  c l u t c h  
s e t  t o  l i m i t  t he  a x i a l  t h r u s t  t o  a va lue  compatible wi th  t h e  s t r e n g t h  of 
the  conveyor housing. This a x i a l  t h r u s t  a t  the  sampler t i p  i s  designed t o  
be l i m i t e d  t o  2 pounds maximum. 
The s i n g l e  bend simple p a r t i c u l a t e  sampler should r e q u i r e  l e s s  power t o  
ope ra t e  and w i l l  have a much more compact ope ra t ing  envelope. It should 
a l s o  be s t r u c t u r a l l y  sounder and more r e s i s t a n t  t o  damage because of t he  
reduced length of the  conveyor housing and the e l imina t ion  of some of the 
e c c e n t r i c  loading. 
3.5 BACKHOE SAMPLER, E-5 
3.5.1 SCOOP CONFIGURATION 
This sampler u t i l i z e s  a scoop mounted on t h e  end of an extendable  boom 
which can be drawn a c r o s s  the su r face  t o  c o l l e c t  a sample. Repeated 
ope ra t ion  i n  t h e  same l o c a t i o n  w i l l  a l low t renching  t o  some depth below 
the  su r face  cons i s t en t  wi th  the s t r e n g t h  of the s o i l  su r f ace  being 
sampled. Design c r i t e r i o n  number 1, which l i m i t s  the  maximum p a r t i c l e  
s i z e  t o  10 mi l l imeters ,  and c r i t e r i o n  number 7 ,  which provides  t h a t  no 
rocks  s h a l l  prevent complete c losu re  of the scoop, a r e  f e l t  t o  be funda- 
mental t o  the  conf igu ra t ion  and des ign  of the  scoop. A concept was 
genera ted  i n  which a t h i n  blade i s  mounted on the  boom ahead of the  scoop 
as shown i n  Figure 10. 
The func t ion  of t h i s  blade i s  t o  minimize hang ups on l a r g e  rocks by 
caus ing  t h e  scoop t o  r i d e  up and over and t o  s t a r t  in te rmedia te  s i z e  rocks  
moving t o  one s i d e  or the o the r  so t h a t  they w i l l  tend t o  flow around the 
scoop. The scoop i t s e l f  i s  configured so  t h a t  the  width a t  t he  i n l e t  i s  
compatible  with the  maximum s i z e  p a r t i c l e  t h a t  i s  acceptab le ,  i . e . ,  10 
m i l l i m e t e r s  between the  edge of the  scoop and the d i v i d e r  b lade .  The 
c u t t i n g  edge of the scoop i s  pos i t i oned  so t h a t  i t  shears  the  s o i l  a t  an 
angle  of 30 degrees from the h o r i z o n t a l ,  The i n t e r n a l  conf igu ra t ion  of 
t h e  scoop i s  such t h a t  the s o i l  e n t e r i n g  i t  res ts  on an  e s s e n t i a l l y  
h o r i z o n t a l  surface.  Thus, i f  the scoop i s  l i f t e d  off  the s u r f a c e  before  
i t  i s  closed,  t he  s o i l  sample w i l l  no t  a l l  f a l l  o u t .  
I n  order  t o  determine the  p o s i t i o n i n g  requirements  f o r  the  scoop, the  
geometry o f  the boom r e l a t i v e  t o  the s u r f a c e  being sampled must be con- 
s ide red .  This geometry i s  shown schemat ica l ly  i n  F igure  11. The l eng th  
of t he  boom, 4, the he ight  of the boom suppor t ,  h ,  and the angle  between 











































s i n  CY = s i n  B 
It i s  assumed t h a t  t h e  su r face  can l i e  anywhere between a 30 degree upslope 
and a 30 degree downslope from the boom support  a x i s ,  the  he igh t  of t he  
support  po in t  v a r i e s  from 1 2  t o  48 inches ,  and t h a t  the  maximum down angle  
of the  boom i s  60 degrees  below the  v e r t i c a l .  
The curves i n  Figures12 and 13  show t h a t  the  angle  a t  the  t i p  of the  boom 
between the  axis of the  boom and the s u r f e e  v a r i e s  i n  e s s e n t i a l l y  the  
same manner and magnitude r ega rd le s s  of the s lope  of the su r face ,  a t  
l eas t  between a 30 degree upslope and a 30 degree downslope. It a l s o  
i n d i c a t e s  t h a t  t h e  angle  increases  s t e a d i l y  as the boom i s  r e t r a c t e d  t o  
a maximum value  of 60 degrees  on a l e v e l  su r f ace  and 90 degrees  on a 
30 degree downslope when the  boom i s  i n  i t s  most depressed cond i t ion .  
F igure  14 i n d i c a t e s  t he  minimum length  of boom requi red  t o  reach  the  
s u r f a c e  as a func t ion  of support  he ight ,  h. Thus, a f i v e  foot  long boom 
must be mounted l e s s  than 3 fee t  above the  su r face  i n  order  t o  c o l l e c t  a 
sample. A boom leng th  of 10 f e e t  w a s  assumed i n i t i a l l y  f o r  t h i s  sampler.  
Based on the l a r g e  v a r i a t i o n  i n  the ang le  CY, i t  i s  d e s i r a b l e  t h a t  the  
scoop i s  always pos i t ioned  i n  the same way wi th  r e spec t  t o  the  l o c a l  
v e r t i c a l  r e g a r d l e s s  of the  pos i t i on  of the boom. This  impl ies  some s o r t  
of p o s i t i o n a l  feedback and servo t o  cont inuous ly  a d j u s t  the scoop r e l a t i v e  
t o  the  boom as t h e  sampling traverse progresses .  Thus, the  c u t t i n g  edge 
of the blade a t t a c k s  a l e v e l  surface a t  a 30 degree angle .  A s  sampling 
p rogres ses  the  s o i l  c o l l e c t s  i n  the scoop. 
Af t e r  c o l l e c t i n g  the  sample the  scoop i s  c losed  so  t h a t  the sample can be 
t r anspor t ed  t o  the payload. Two methods can  be used t o  perform the  sample 
t r a n s f e r .  One i s  t o  simply pos i t i on  the  scoop Over a dump p o r t  o r  funnel  
i n  the  payload and open the  scoop dumping the  sample. The o the r  i s  t o  
u t i l i z e  the  boom as a t r a n s p o r t  path by r a i s i n g  i t  t o  a v e r t i c a l  p o s i t i o n  
and al low t h e  sample t o  f a l l  down the boom by the  a c t i o n  of g r a v i t y .  The 
l a t t e r  approach w a s  used i n  the design of t he  booms which w i l l  be 
desc r ibed  subsequent ly .  
Two approaches f o r . a c t u a t i n g  the  scoop were considered,  The s imples t  t o  
mechanize i s  t o  mount a motor a t  the  t i p  of the  boom a s  shown i n  F igure  
15. Th i s  scheme r e q u i r e s  pos i t i ona l  feedback f o r  t he  boom i n  order  t o  
se rvo  d r i v e  the scoop t o   the co r rec t  a t t i t u d e .  With t h i s  approach power- 
f u l  a c t u a t i o n  f o r c e s  a r e  achieved through the  worm gear  d r i v e .  A d i s -  
advantage i s  t h a t  the weight of the motor i s  placed on the t i p  of the  boom 
which inc reases  the r e a c t i o n  moment r equ i r ed  t o  r a i s e  the  boom. For very  
l i g h t  weight f u r l a b l e  booms, the  inc rease  i n  bending moment can be c r i t i c a l  
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FIGURE 15. BACKHOE SCOOP - MOTOR ACTUATED . 
3-25 
The a l t e r n a t e  approach considered was a cab le  system which provides  
mechanical feedback and a c t u a t i o n  f o r c e s .  This conf igu ra t ion  i s  shown i n  
F igure  16. This approach uses  p a r a l l e l  cab le s  f ixed  t o  a drum on the 
scoop. The o ther  ends a r e  wrapped around another  s e t  of drums a t  the  base  
of the  boom. A s  t he  boom extends o r  re t rac ts ,  these  drums r o t a t e  i n  
oppos i t e  d i r e c t i o n s  t o  feed out or  take up the appropr i a t e  amount of 
cab le  as d i c t a t ed  by the  l eng th  of the boom. A s  the boom i s  e l eva ted  o r  
depressed,  these cab le s  ac t  i n  a manner s imi la r  t o  the  bands on a d r a f t i n g  
machine t o  mainta,in the  scoop i n  the  same o r i e n t a t i o n  r e g a r d l e s s  of boom 
a t t i t u d e .  To open o r  c l o s e  the scoop, the drums a t  the base of the  boom 
are  r o t a t e d  in  unison i n  the appropr i a t e  d i r e c t i o n .  While t h i s  system i s  
somewhat more cumbersome, i t  p l aces  l e s s  weight on the end of the  boom 
and au tomat ica l ly  maintains  the  scoop i n  t h e  proper p o s i t i o n .  
3.5.2 FURLABLE BOOM 
An i n i t i a l  design approach was o r i en ted  towards us ing  the g r a v i t y  dump 
mode wi th  the Ryan f u r l a b l e  boom. This  boom has a c losed  c r o s s - s e c t i o n a l  
shape which g ives  the  boom more s t r u c t u r a l  i n t e g r i t y  than the DeHavilland 
boom ( p a r t i c u l a r l y  i n  t o r s i o n a l  r i g i d i t y )  a l though not  a s  much as can be 
achieved w i t h  a te lescoping  boom. Thus, some e x i t  p o r t  f o r  the sample must 
be incorporated a t  some po in t  i n  the  f u r l a b l e  boom t h a t  does not  degrade 
i t s  s t r e n g t h .  Two poss ib l e  l o c a t i o n s  a r e  a v a i l a b l e .  One near the  t i p  of 
t h e  boom i n  the sec t ion  which i s  not  f l a t t e n e d  a f t e r  complete r e t r a c t i o n  
and the  other  a t  the  base of the  boom when i t  i s  f u l l y  deployed. This  
l a t t e r  l oca t ion  fo r  the e x i t  p o r t  must be behind the  boom support  guides  
i n  the t r a n s i t i o n  sec t ion .  The disadvantages of l o c a t i n g  the e x i t  p o r t  
a t  t h i s  point  is t h a t  the opening i n  the  tube must be compatible wi th  
f l e x i n g  involved i n  r e t r a c t i n g  the  boom. 
i s  exposed t o  so i l  p a r t i c l e s  throughout i t s  e n t i r e  length .  
m a t e r i a l  would s e r i o u s l y  degrade the  l i f e  of the  boom and could r e s u l t  i n  
l o c a l  f a i l u r e  of the  f u r l a b l e  boom. Another p o s s i b l e  disadvantage i s  t h a t  
t h e  boom must be f u l l y  extended during the g r a v i t y  dump cyc le .  A l l  t h e s e  
disadvantages can be circumvented i f  t he  e x i t  p o r t  i s  l oca t ed  near  the  t i p  
where a minimum of f l e x i n g  occurs  and the bending s t r e s s e s  a r e  minimized. 
Also,  s i n c e  no f l e x u r e  occurs  f o r  t h i s  p o r t i o n  of the boom, an  a u x i l i a r y  
small diameter tube can be mounted i n s i d e  t h e  f u r l a b l e  boom t o  a c t  as a 
s o i l  t r anspor t  chute  thus  e l imina t ing  the  chance t h a t  s o i l  p a r t i c l e s  would 
be i n s i d e  the boom when it  i s  r e t r a c t e d .  
Also,  the  i n t e r i o r  of t he  boom 
Any r e s i d u a l  
The f u r l a b l e  boom developed bj7 Ryan Aeronaut ica l  Company c o n s i s t s  of two 
preformed th in  t i t an ium a l l o y  shee t s  r e s i s t a n c e  welded toge ther  a t  the 
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- SEAM WELD 
FIGURE 1 7 .  RYAN FURLABLE BOOM CROSS-SECTION 
Th,; boom is  stowed by e l a s t i c a l l y  f l a t t e n i n g  t h e  tube and winding i- onto  
a drum. The f i r s t  cons ide ra t ion  i n  u s i n g  t h i s  boom t o  t r a n s p o r t  s o i l  t o  
t he  payload was t o  provide an  opening i n  one s i d e  of t he  tube near t h e  base 
when t h e  boom w a s  f u l l y  extended. 
t h e  s o i l  would f a l l  down the  i n s i d e  of t he  tube and out  t h e  opening a t  the  
base  i n t o  a r e c e p t a c l e ,  The disadvantages t o  t h i s  approach a re  as follows: 
When t h e  boom w a s  e r e c t e d  t o  t h e  v e r t i c a l  
(a) Sample t r a n s p o r t  t o  t he  payload can  only  occur  when the  boom 
i s  f u l l y  extended. 
(b) There i s  no assurance  t h a t  t h e  i n t e r n a l  c l e a n l i n e s s  of t h e  
boom can  be maintained.  S o i l  p a r t i c l e s  i n s i d e  the  boom would 
adverse ly  a f f e c t  the  f l e x u r e  c h a r a c t e r i s t i c s  dur ing  stowage 
on the  take-up drum. 
(c) The i n t e r f a c e .  between t h e  r e c e i v i n g  r e c e p t a c l e  and t h e  e x i t  
hole i n  t h e  boom i s  unduly complex. 
Another approach t o  s o i l  d e l i v e r y  wi th  t h i s  boom w a s  then cons idered  and 
i s  shown schematical ly  i n  F igu re  18, I n  t h i s  approach t h e  boom must be 
f u l l y  r e t r a c t e d  t o  d e l i v e r  a soil sample which a t  least  e l i m i n a t e s  ex tending  
t h e  boom again a f t e r  making a sampling a t t empt .  
near  t h e  t i p  of the boom where bending stresses are low and e l a s t i c  
The opening i s  now loca ted  
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deformation during stowage i s  s m a l l .  
incorpora ted  between t h e  backhoe scoop and the  opening i n  the  s i d e  of t h e  
boom. 
t h e  boom tube thereby  prevent ing  s o i l  p a r t i c l e s  from ga in ing  e n t r y  i n t o  
t h e  i n t e r i o r  of the  boom. When t h e  boom i s  f u l l y  r e t r a c t e d ,  t h i s  opening 
i s  a l igned  with a corresponding one loca ted  i n  t h e  boom tube guide shoe. 
This  opening i s  the  end of a tube l ead ing  t o  a channel  shaped passage 
f i t t e d  around t h e  boom tube  take-up drum. The f o u r t h  s i d e  of t h i s  passage 
i s  c losed  with two f l e x i b l e  t apes .  The take-up spoo l s  f o r  t hese  t apes  are 
mounted on e i t h e r  s i d e  of t he  sample d e l i v e r y  c h u t e .  These take-up spools  
are  geared together  so t h a t  as t h e  boom i s  e r e c t e d  t o  a v e r t i c a l  p o s i t i o n ,  
t ape  i s  deployed from one and taken up on t h e  o t h e r .  This  i n  e f f e c t  pro- 
v ides  a n  opening i n  the sample d e l i v e r y  passage t h a t  remains f i x e d  w i t h  
r e s p e c t  t o  the sample d e l i v e r y  chute  r e g a r d l e s s  of t he  o r i e n t a t i o n  of t h e  
boom. Any s o i l  remaining i n  the  channel  shaped passage a f t e r  t he  s o i l  i s  
dumped i s  progress ive ly  dumped i n t o  the  sample d e l i v e r y  chute  as t h e  boom 
i s  lowered from the  v e r t i c a l .  Wipers can  be  i n s t a l l e d  a t  t he  take-up 
spools t o  ensure t h a t  noL p a r t i c l e s  remain adher ing  t o  t h e  t ape .  
Thus, a s h o r t  f i x e d  tube can  be 
This  s o i l  t r a n s p o r t  tube can  be sea l ed  a t  t h e  o u t l e t  i n  the  s i d e  of 
~~ w 
Charac ter i s  t i c  Desc r ip t ion  
Boom material 6A1 4V (Titanium Alloy)  
I n  a t tempting t o  mechanize t h i s  approach, primary a t t e n t i o n  w a s  given t o  
compactness, s i n c e  the  f l a t t e n e d  boom i s  r a t h e r  wide and r equ i r ed  a f a i r l y  
l a r g e  diameter take-up drum. The demonstration model of t h i s  boom f a b r i -  
c a t e d  by Ryan Aeronaut ica l  Co. had the  phys ica l  c h a r a c t e r i s t i c s  l i s t e d  i n  
Table 111. 
I ,  
TABLE I11 
~ 
Fla t t ened  boom width 4.5 inches  
Wall t h i ekness  of boom ,006 inches  
Drum diameter 7.0 inches  
Boom leng th  120 inches  
A I 
PHYSICAL CHARACTERISTICS OF RYAN 
FURLABLE BOOM 
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It appeared t h a t  t h e  diameter of the take-up drum might conceivably be 
reduced,  improving t h e  volumetr ic  e f f i c i e n c y  of t h e  des ign .  The a n a l y s i s  
f o r  a l lowable  f l a t t e n i n g  stresses,  presented  i n  Sec t ion  2.3.1 of Philco-Ford 
Report  Number UG-3962, was used t o  check t h e  r e q u i r e d  take-up drum diameter .  
The material p r o p e r t i e s  f o r  severa l  materials a r e  compared i n  Table I V .  
F ibe r  g l a s s  I 
TABLE I V  
MATERIAL PROPERTIES COMPARISON 
I MATERIAL 1 PROPERTY 
6A1 4V Titanium Alloy 
- 
PH 15-7Mo S t e e l  
Yield po in t  
Young's Modulus 
E /a 
Yield po in t  
Young's Modulus 
E/O 
Yield po in t  
Young's Modulus 
E /O 
Beryl  lium/Copper 
I Young's Modulus E /a 
VALUE 
120,000 p s i  
16 x 10 p s i  6 
133 
145,000 p s i  
29 x lo6 p s i  
200 
50,000 p s i  
5 x 106 p s i  
100 
120,000 p s i  
19 x 106 p s i  
158 
The lower t h e  va lue  of E / o ,  t h e  more deformation can be t o l e r a t e d  wi thout  
y i e l d i n g  the  material. It is  seen t h a t  the  t i t an ium a l l o y  f a l l s  between 
f i b e r g l a s s  and bery l l ium copper making i t  a good choice  f o r  t h e  boom 
material  when cons ider ing  i t s  r e l a t i v e l y  lower d e n s i t y  when compared t o  
Be/Cu o r  s tee l ,  An a l lowable  r a t i o  of tube diameter t o  w a l l  t h i ckness  of 
150 i s  reasonable  f o r  t h i s  ma te r i a l .  Since t h i s  boom c o n s i s t s  of two 
s h e e t s  welded a t  the  edges ,  t h e  e f f e c t i v e  w a l l  t h i ckness  i n  terms of 
f l e x i n g  i s  twice the  th i ckness  of the  i n d i v i d u a l  s h e e t s .  This r e s u l t s  i n  
a nominal tube diameter of d = (.012) (150) = 1.8 inches  which i s  very  near 
t h a t  used i n  the  Ryan boom. Since t h i s  boom has cu rva tu res  of t h e  t ape  i n  
bo th  d i r e c t i o n s ,  it must be considered i n  t h e  ca tegory  of a backward wound 
t a p e  which i s  more severe i n  s t r e s s i n g  t h e  material .  For t h i s  type of 
winding,  t he  stress f a l l s  r a p i d l y  wi th  increased  drum diameter .  A good 
drum t o  tube diameter has  a r a t i o  of 3 : l .  Larger drum diameters  do no t  
apprec i ab ly  reduce the  stowage stresses. This  r e s u l t s  i n  a drum diameter 
of D = (1.8) (3) = 5.4 inches .  S i n c e  t he  a n a l y s i s  used i s  conse rva t ive ,  a 
drum diameter of 5 inches  w a s  assumed f o r  t h e  i n i t i a l  des ign .  
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I n t e g r a t i n g  the cab le  a c t u a t i o n  system wi th  the  drum des ign ,  it w a s  
apparent  t h a t  i t  would be d e s i r a b l e  t o  make t h e  cab le  take-up drum 
nominally the same as t h e  boom take-up drum. 
d r i v e  drum a t  t h e  t i p  of the  boom i s  d e s i r a b l e ,  a one-to-one r a t i o  d id  
not  appear f e a s i b l e .  The geometry r e l a t i n g  the  d r i v e  drum response t o  
the  boom a t t i t u d e  f o r  drums of d i f f e r e n t  d iameters  i s  shown i n  F igure  19 .  
Since a small  pu l ley  or  
a 
b 
F'IGURE 19. SCOOP ACTUATION CABLE GEOMETRY, 
The r o t a t i o n  of  €3 with  r e spec t  t o  A i s  given by OB = O A  ( a / b ) .  
i s  f ixed  and the  arm AB moves, then O A  = -cp and 0 cp-cp(a/b) = cp(1 - a / b ) .  
From t h e  preceding equa t ion ,  i t  can  be seen t h a t  &Ln a = b ,  t h e  r o t a t i o n  
of B i s  zero;  i . e ,  i t  main ta ins  a f i x e d  r o t a t i o n a l  o r i e n t a t i o n  wi th  r e s p e c t  
t o  A .  I f  a l a rge r  drum diameter a t  A i s  used,  then the  r o t a t i o n  of B i s  
given by 
I f  a 
That i s ,  B rotates  clockwise when cp i s  a counterclockwise r o t a t i o n  and the  
r o t a t i o n  of B d i f f e r s  from by a cons t an t  of p r o p o r t i o n a l i t y .  Thus, 
gear ing  a t  B can  be used t o  r e s t o r e  the  c o n d i t i o n  achieved when a = b by 
us ing  a gear r a t i o  t o  s t e p  up the  response of B t o  equal  t h a t  of A .  I f  
a diameter of two inches  i s  assumed f o r  B y  then  the  r e q u i r e d  gear  r a t i o  








Since t h e  d r i v e  drum a t  B i s  over-responding, a gear r educ t ion  must be 
incorpora ted  as  shown i n  F igure  1 6  between the  scoop and the  c a b l e  d r i v e  
drum. The p a r a l l e l  l inkage  on cables  must extend synchronously wi th  the  
boom and s imultaneously be capable of a c t u a t i n g  t h e  scoop. 
can be accomplished us ing  two drums r o t a t i n g  i n  oppos i te  d i r e c t i o n s  t o  
f eed  o u t  t h e  upper and lower cable  as r equ i r ed  by the  boom extens ion .  
Ro ta t ing  t h e  two drums toge the r  will cause B t o  r o t a t e  thereby a c t u a t i n g  
the  scoop. A dua l  i npu t  d r i v e  t o  the  drums are ind ica t ed  and can  be 
achieved wi th  a p l ane ta ry  gear arrangement as shown i n  the  ske tch  i n  
F igure  20. 
The ex tens ion  
CASE I 
a w = w  - 
C A c  
CASE I1 
FIGURE 20, PLANETARY GEAR SCHEMATIC# 
3 - 3 3  
w = w  ( 1 + ; )  a 
C D  
Since t h e  angle t h a t  t he  scoop must go through t o  open is 60 degrees ,  t h e  
p l ane ta ry  carrier arm i s  r equ i r ed  t o  move through a n  angle  of 20 degrees .  
The condi t ions  p e r t a i n i n g  f o r  Case I and Case I1 can  be superimposed t o  
o b t a i n  the  case where scoop a c t u a t i o n  occurs  s imultaneously wi th  boom 
deployment, I n  e i t h e r  case, t h e  p l ane ta ry  car r ie r  a r m  must move only 
between two fixed p o i n t s  with r e spec t  t o  the  boom support  s t r u c t u r e ,  thus  
a l lowing  t h e  use  of microswitches t o  sense whether the  scoop i s  open o r  
c losed  . 
Figure  2 1  shows a p a r t i a l  s e c t i o n  through the ' t ake -up  drum assembly f o r  
t h i s  boom. The boom e x t e n s i o d r e t r a c t  d r i v e  motor i s  mounted i n s i d e  the 
take-up drum on a hollow s h a f t  t i e d  t o  t h e  boom housing s t r u c t u r e .  This  
motor s imultaneously d r i v e s  t h e  boom take-up drum through a r i n g  gear  
a t t a c h e d  t o  the i n s i d e  of t h e  drum and a geared s h a f t  l ead ing  t o  the  
p l ane ta ry  dr ive of the  inner  cab le  take-up drum which r o t a t e s  i n  the  same 
d i r e c t i o n  as t h e  boom take-up drum and a t  t h e  same r a t e .  
i n s i d e  t h e  boom take-up drum d r i v e s  t h e  inpu t  gear t o  the  ou te r  c a b l e  
take-up drum through a set  of p l a n e t a r y  i d l e r s  mounted on the  drum housing 
s t r u c t u r e .  The i d l e r s  e f f e c t  a r e v e r s a l  of input  r o t a t i o n  caus ing  t h e  
ou te r  gear  t o  d r i v e  i n  the oppos i te  sense as  t h e  inne r  drum b u t  a t  the  
same rate.  
d r i v e s  the  boom f l a t t e n i n g  r o l l s .  The i d l e r  r o l l s  should be dr iven  s o  t h a t  
they keep the f u r l a b l e  boom t i g h t l y  wrapped on t h e  take-up drum. This  can  
be accomplished by d r iv ing  them s o  they t r y  t o  f eed  s l i g h t l y  f a s t e r  than  
t h e  take-up drum. This  impl ies  t h a t  they must be e l a s t i c a l l y  mounted t o  
the  s h a f t  t o  a l low f o r  t he  d i f f e r e n t i a l  motion i f  no s l ippage  occurs .  I f  
t h e  gear r a t i o  i s  set s o  t h a t  t h e  l i n e a l  s u r f a c e  speed of t he  i d l e r  r o l l  
and take-up drum match a t  t h e  s t a r t  of deployment, an inc reas ing  feed  r a t e  
f o r  t h e  i d l e r  r o l l  i s  achieved due t o  the  f a c t  t h a t  t h e  take-up drum 
diameter decreases  as t h e  boom i s  deployed because the numer of f l a t t e n e d  
wraps on the drum i s  less .  The i d l e r  r o l l s  a r e  d r iven  through a gear  
t r a i n  and a re  hinged a t  t h e  a x i s  of t h e  i d l e r  gear between t h e  d r i v i n g  r i n g  
gear and the  gear  on the  f l a t t e n i n g  r o l l .  
t o  p i v o t  as r equ i r ed  t o  accommodate the  change i n  drum diameter as t h e  boom 
i s  deployed. 
The r i n g  gear  
A r i n g  gear a f f i x e d  t o  t h i s  ou ter  c a b l e  take-up drum a l s o  
This  a l lows  the  f l a t t e n i n g  r o l l  
The f l a t t e n i n g  r o l l s  are  he ld  a g a i n s t  the  boom take-up drum 
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Case I r e p r e s e n t s  t h e  cond i t ion  e x i s t i n g  when t h e  boom is  being extended 
o r  r e t r a c t e d  t o  d r i v e  the  c a b l e  take-up drum. S ince  two drums r o t a t i n g  i n  
oppos i t e  d i r ec t ions  are r equ i r ed ,  two i d e n t i c a l  gear t r a i n s  as shown f o r  
Case I must be employed. 
sense .  
p l ane ta ry  carrier arm i s  d r i v i n g .  
as the  c a r r i e r  arm D. 
gear t r a i n s ,  then  both drums w i l l  r o t a t e  t oge the r .  
t he  r o t a t i o n  of C is given by 
The r o t a t i o n a l  i npu t  a t  A must have a n  oppos i t e  
Case I1 r e p r e s e n t s  t h e  s i t u a t i o n  when A is not  d r i v i n g  b u t  t h e  
I f  t h i s  p l ane ta ry  c a r r i e r  a r m  i s  common t o  bo th  
I n  t h i s  case C r o t a t e s  i n  t h e  same sense  
For t h e  assumed geometry 




by means of f l a t  wide c a n t i l e v e r  spr ings  a t t ached  t o  t h e  r o l l  suppor t  
s t r u c t u r e  and bea r ing  a g a i n s t  t h e  housing s t r u c t u r e .  
The e l e v a t i o n  d r i v e  motor i s  a l s o  mounted i n s i d e  t h e  boom take-up drum on 
t h e  drum housing s t r u c t u r e .  
t o  the  f i x e d  support  s t r u c t u r e  about which the  boom housing i s  f r e e  t o  
p ivo t .  Thus, t h e  gear ou tput  a t  the e l e v a t i o n  c l u t c h  walks around the  
r i n g  gear  caus ing  t h e  boom housing s t r u c t u r e  t o  be c a r r i e d  wi th  i t  t o  
c o n t r o l  t he  e l e v a t i o n .  The e l eva t ion  c l u t c h  i s  incorpora ted  so  t h a t  a 
sampling t r a v e r s e  can  be made w i t h  only the  weight of t he  boom a c t i n g  
on the  scoop. A l t e r n a t i v e l y ,  a load sensor  can  be incorpora ted  t o  sense 
the  v e r t i c a l  f o r c e  be ing  exe r t ed  on t h e  scoop t o  c o n t r o l  t he  r a t e  a t  which 
the  e l e v a t i o n  d r i v e  motor opera tes  t o  maintain a l i m i t e d  downward pre load  
on t h e  scoop. 
This  motor d r i v e s  through a r i n g  gear  a t t a c h e d  
This  mechanism r e s u l t s  i n  a drum housing of 7 inches  i n  diameter and 6 inches  
wide.  
t h e  o v e r a l l  l ength  from the  cen te r  of t h e  drum t o  t h e  backshoe scoop i s  
approximately 14 inches .  
The t r a n s i t i o n  l eng th  of t h e  boom i s  approximately one f o o t  s o  t h a t  
3 . 5 . 3  MECHANICALLY EXTENDIBLE TELESCOPING BOOM 
Another approach considered the  use of a t e l e scop ing  boom us ing  a completely 
mechanical means of ex tending  and r e t r a c t i n g  t h e  boom. 
shown schemat ica l ly  i n  F igu re  22 .  
mounted on the  t i p  of a l l  b u t  t h e  las t  tube segment. 
diameter  f l e x i b l e  c a b l e  i s  a t tached  t o  the  preceding tube  segment, passed 
over t h e  i d l e r  r o l l e r  back between the  tube segments, and i s  a t t a c h e d  t o  
t h e  base  of t h e  next  tube segment. This i s  r epea ted  w i t h  each tube segment 
u n t i l  a l l  t h e  t e l e scop ing  elements are  in te rconnec ted .  
f i r s t  t e l e scop ing  element i s  c a r r i e d  back and a t t a c h e d  t o  a t ape  take-up 
drum. When power i s  app l i ed  t o  the take-up drum t o  r o t a t e  i t ,  t h e  tape 
p u l l s  on t h e  base  of t h e  f i r s t  t e lescoping  segment caus ing  i t  t o  extend 
re la t ive t o  the  f i x e d  element ,  This i n  t u r n  causes  a t e n s i l e  fo rce  t o  be 
a p p l i e d  t o  t h e  t ape  connected t o  the base of t h e  second t e l e scop ing  segment 
caus ing  it t o  a l s o  extend.  
segment. Thus, a l l  segments a r e  being extended s imultaneously a t  the  same 
r a t e  re la t ive  t o  the  a d j a c e n t  segment. A c l o s e d  c a b l e  system can  be made 
by a t t a c h i n g  another  t ape  o r  cable  t o  the  base of t he  t h i r d  or  f i n a l  t e l e -  
scoping segment and a t t a c h i n g  the  o the r  end t o  another  take-up drum f o r  
r e t r a c t i o n .  
ex tens ion  take-up w i t h  t h e  r e t r a c t i o n  take-up through a gear t r a i n ,  t h e  
deployment and take-up of t he  tapes can be coord ina ted  so t h a t  t h e  tapes  
or  c a b l e s  w i l l  always be t a u t  during the  ex tens ion  or  r e t r a c t i o n  of the 
boom. A boom of t h i s  type o f f e r s  t he  advantages of h igher  s t r e n g t h  and 
r i g i d i t y  and w i l l  a l s o  allow a gravi ty  dump t o  be made a t  any po in t  i n  
t h e  ex tens ion  cyc le .  It a l s o  a l l o w s  t he  use of va r ious  c r o s s - s e c t i o n a l  
shapes f o r  t he  t e l e scop ing  elements,  such as square o r  t r i a n g u l a r ,  i f  
d e s i r e d .  
backhoe sampler i s  shown i n  Figure 2 3 .  
Such a boom i s  
I n  t h i s  concept ,  an i d l e r  r o l l e r  i s  
A t h i n  tape  or  small 
The tape  from t h e  
The same occurs  f o r  the  t h i r d  t e l e scop ing  
By a p p r o p r i a t e l y  s i z i n g  t h e  drums and in t e rconnec t ing  t h e  
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The r e t r a c t i o n  t apes  are f u r l a b l e  tubes u t i l i z i n g  t h e  p r i n c i p l e  of t he  
DeHavilland f u r l a b l e  tubes .  A s  the boom extends ,  t h e s e  two t apes  form a 
secondary tube i n s i d e  t h e  te lescoping  boom s t r u c t u r e .  
t he  fol lowing advantages:  
This  boom o f f e r s  
(a) The i n t e r n a l  tube  can  be used t o  t r a n s p o r t  s o i l  a t  any extended 
p o s i t i o n  of t h e  boom simply by r a i s i n g  t h e  boom t o  a v e r t i c a l  
pos i t i on .  
(b) The t e l e scop ing  boom i s  i n h e r e n t l y  s t ronge r  than a f u r l a b l e  
boom s i n c e  t h e r e  a r e  no r e s t r i c t i o n s  governing w a l l  t h i ckness ,  
as t h e r e  i s  f o r  t h e  f u r l a b l e  tube.  
(c) The secondary i n t e r n a l  tube p r o t e c t s  t h e  s l i d i n g  segments of 
t he  boom i n t e r n a l l y  from s o i l  p a r t i c l e s  dur ing  the  dump mode. 
(d) Depending on t h e  t o t a l  extension r e q u i r e d ,  t h i s  boom can be 
more e a s i l y  conf igured  to  occupy a small volume when stowed. 
It  should be pointed o u t  t h a t  t h e  c a b l e  scoop a c t u a t i o n  system can  be 
used w i t h  t h i s  boom a l s o ;  however, t h e  g r e a t e r  s i m p l i c i t y  a s s o c i a t e d  w i t h  
t h e  motor d r i v e  would probably d i c t a t e  i t s  use even wi th  t h e  pena l ty  of 
a n  increased  r e a c t i o n  torque i n  t h e  e l e v a t i o n  mechanism. The inc rease  
i n  bending moment i n  t h e  boom would not  be c r i t i ca l  from a s t r u c t u r a l  
viewpoint .  The use of f l a t  t apes  r a t h e r  than  c a b l e s  w i l l  a l low a more 
compact design t o  be made i n  t h a t  smaller c l ea rances  can  be used between 
t e l e scop ing  segments and smaller diameter i d l e r  r o l l s  can  be used.  
ex tens ion  tape take-up drums are  coordinated through a geared d r i v e  wi th  
t h e  r e t r a c t i o n  tape take-up drums so t h a t  t hese  tapes  are  deployed simul- 
taneous ly  a t  e s s e n t i a l l y  t h e  same rate.  It may be necessary t o  mount t h e  
take-up drums on t h e i r  s h a f t s  w i t h  sp r ings  t o  provide a preload t o  t ake  
up small d i f f e r e n c e s  i n  ex tens ion  r a t e s  s i n c e  the  ex tens ion  t a p e  i s  much 
s h o r t e r  than the  r e t r a c t i o n  t ape  r e s u l t i n g  i n  d i f f e r e n c e s  i n  t h e  e f f e c t i v e  
take-up drum diameters .  This  conf igura t ion  i s  f e l t  t o  be much s impler  t o  
mechanize and should occupy a small stowed volume. 
The 
3.5.6 SOIL AUGER SAMPLER, E-6 
Th i s  sampler mechanism c o n s i s t s  of a n  auger  1.25 inches  i n  diameter  and 
about  4.5 inches long. 
a p p l i e d  t o  cause i t  t o  p e n e t r a t e  the s o i l .  Af t e r  p e n e t r a t i o n  i s  achieved,  
t h e  s o i l  auger r o t a t i o n  is  stopped and the  auger  i s  withdrawn wi thout  
r o t a t i o n  t o  i t s  i n i t i a l  stowed pos i t i on .  When i t  reaches  t h i s  po in t  t he  
auger  i s  spun a t  a h igh  r o t a t i o n a l  speed t o  s p i n  t h e  s o i l  o f f  of t h e  auger 
f l i g h t s .  Two b a s i c  approaches t o  mechanizing t h i s  sampler were taken as 
d iscussed  i n  t h e  fo l lowing .  
The auger i s  r o t a t e d  s lowly whi le  t h r u s t  i s  
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A v a r i a t i o n  of t he  can ted  f eed  r o l l e r  system, developed by Philco-Ford under 
a prev ious  con t r ac t ,  w a s  a p p l i e d  t o  t h i s  sampler as shown i n  F igu re  24. 
t h i s  approach, one d r i v e  motor wi th  a c o a x i a l  ou tpu t  from t h e  gearbox i s  
used t o  simultaneously d r i v e  a h igh  speed gear  t r a i n  f o r  t h e  s p i n  dump and 
a low speed gear t r a i n  t o  d r i v e  the  a x i a l  f eed  and r o t a t e  t he  auger as 
r e q u i r e d ,  The low speed gear i s  connected t o  a hollow s h a f t  w i th  f l a t s  
on t h e  ou te r  s u r f a c e  as shown i n  s e c t i o n  A-A of F igure  2 4 .  The f eed  
assembly housing has  a h o l e  shaped t o  f i t  t h i s  s h a f t  so  t h a t  t h e  l o w  speed 
gear t r a i n  i s  always d r i v i n g  the  feed  housing r e g a r d l e s s  of d i r e c t i o n  of 
r o t a t i o n  o r  a x i a l  p o s i t i o n  a long  t h e  s h a f t .  When the  d i r e c t i o n  of r o t a t i o n  
i s  such t h a t  downward ax ia l  f eed  i s  achieved ,  t he  over-running c l u t c h  
engages the s h a f t  of t h e  auger  cuas ing  i t  t o  r o t a t e  w i th  t h e  housing. 
f eed  i s  achieved by s ix  r o l l e r s  mounted t o  t h e  f eed  assembly housing i n  
sets  of th ree  r o l l e r s  a t  t h e  upper and lower end of t h e  housing. These 
r o l l e r s  a r e  canted a t  a s m a l l  ang le  and a r e  mounted on t o r s i o n  b a r s  i n  
such a manner t h a t  they a re  pressed t i g h t l y  a g a i n s t  t h e  o u t e r  suppor t  tube .  
Thus, r o t a t i o n  of t h i s  assembly causes the  can ted  r o l l e r s  t o  f eed  t h e  auger 
up or down, depending on the  d i r e c t i o n  of r o t a t i o n .  
mounted on t h e  ends of t o r s i o n  bar  suppor ts  s o  t h a t ,  as t h e  ax ia l  t h r u s t  
b u i l d s  up, the r e a c t i o n  f o r c e s  a c t i n g  on t h e  f eed  r o l l e r s  causes them t o  
r o t a t e  t o  a smal le r  c a n t  ang le  thereby reducing  t h e  f eed  r a t e .  Thus, i f  
a s t r o n g  cohesive s u r f a c e  i s  encountered t h e  ax ia l  t h r u s t  i s  b u i l t  up t o  
some maximum va lue  determined by t h e  t o r s i o n  b a r  d e f l e c t i o n  c h a r a c t e r i s t i c s .  
A s  t he  auger s h e a r s  t h e  soil t h e  load i s  reduced and t h e  can ted  f eed  r o l -  
lers immediately move t o  an  ang le  which w i l l  a g a i n  cause t h e  auger t o  f eed  
i n t o  t h e  s o i l .  I n  t h i s  manner t h e  f eed  r a t e  always accommodates i t s e l f  
t o  a rate a t  which the  auger can p e n e t r a t e  wh i l e  main ta in ing  the  r e q u i s i t e  
a x i a l  t h r u s t  t o  cause p e n e t r a t i o n .  To withdraw t h e  auger t h e  p o l a r i t y  of 
t h e  power supplied t o  t h e  motor i s  r eve r sed  thereby  r e v e r s i n g  t h e  r o t a t i o n  
of a l l  gear  t r a i n s .  When t h i s  happens, t h e  over-running c l u t c h  releases 
t h e  auger sha f t  so t h a t  i t  i s  not  d r iven  wh i l e  v e r t i c a l  f eed  i s  a p p l i e d .  
When the  auger mechanism reaches  t h e  i n i t i a l  stowed p o s i t i o n ,  t h e  c o n i c a l  
t i p  of t h e  high speed d r i v e  s h a f t  i s  d r iven  i n t o  a mating socket  thereby  
engaging the  h igh  speed d r i v e  t o  s p i n  t h e  s o i l  o f f  of t h e  auger and i n t o  
t h e  annular  chamber a t  t h e  base of t he  ou te r  suppor t  tube .  Some f e a t u r e s  
of t h i s  design approach are a s  fo l lows:  
I n  
The 
These r o l l e r s  are  
The mechanization i s  s i m p l e  and r e q u i r e s  only  one d r i v e  motor. 
Except f o r  r e v e r s i n g  the  p o l a r i t y  of t h e  power t o  t h e  d r i v e  
motor, t h e  o p e r a t i o n a l  s t e p s  are au tomat i ca l ly  executed .  
Because t h e  d i r e c t i o n  of r o t a t i o n  i s  d i c t a t e d  by t h e  over- 
running c l u t c h ,  i n i t i a t i o n  of t h e  h igh  speed s p i n  w i l l  t end  t o  
cause the  sample t o  f eed  down a long  the  auger f l i g h t s ;  however, 
the r a p i d  i n c r e a s e  of c e n t r i f u g a l  f o r c e  should s p i n  t h e  s o i l  o f f  
before much downward f eed  t akes  p l ace .  Embossing t h e  s u r f a c e  
with shallow r a d i a l  saw t o o t h  s l o t s  would i n h i b i t  t h e  downward 
feed . 
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The second design approach uses  a system more c l o s e l y  r e l a t e d  t o  the  
breadboard vers ion b u i l t  by JPL as shown i n  F igure  25 .  Two motors are  
r e q u i r e d ,  one t o  d r i v e  t h e  a x i a l  f eed  screws and another  wi th  a coax ia l  
ou tput  gearbox t o  d r i v e  the  auger a t  low speed f o r  d igging  and a t  h igh  
speed f o r  the s p i n  dump. The t h r u s t  exe r t ed  by the  a x i a l  feed  screws 
are  r e a c t e d  through sp r ings  a t  t h e  top  of t h e  screws. A s  t h e  t h r u s t  
b u i l d s  up the screws are l i f t e d  i n  propor t ion  t o  t h e  t h r u s t .  A t  some p re -  
determined t h r u s t  l i m i t ,  t h e  ends of t h e  screws a c t u a t e  one or both of t h e  
snap a c t i o n  switches connected i n  ser ies  t o  t u r n  o f f  t he  power t o  the  f eed  
d r i v e  motor.  A s  t h e  t h r u s t  f a l l s  o f f  t he  s p r i n g s  push the  screws down 
u n t i l  t he  switches are aga in  c losed ,  thereby  providing power t o  the  feed  
d r i v e  motor. Thus, a x i a l  t h r u s t  i s  maintained whi le  t h e  f eed  r a t e  i s  
a d j u s t e d  t o  accommodate i t s e l f  t o  the  feed  r a t e  of t he  auger .  The auger 
i s  engaged with the appropr i a t e  speed d r ive  gear  t r a i n  through two over-  
running c lu t ches  mounted on the  auger d r i v e  s h a f t .  
and c l u t c h  engagements a re  shown schemat ica l ly  i n  F igure  2 6 .  The d r i v e  
s h a f t  i s  square i n  c r o s s - s e c t i o n  as  shown i n  s e c t i o n  A-A of F igure  25. 
This  s h a f t  i s  f i t t e d  i n t o  a square hole  i n  the  auger so  t h a t  r o t a t i o n a l  
power i s  appl ied  a s  t he  auger advances.  Same f e a t u r e s  of t h i s  design 
approach a r e  a s  fo l lows:  
The r e l a t i v e  r o t a t i o n  
The s h a f t  of t h e  auger can be smaller i n  diameter than f o r  t h e  
canted feed  r o l l e r  approach. 
The o p e r a t i o n a l  r e l i a b i l i t y  of t h e  over-running c l u t c h  t o  
engage t h e  high speed s p i n  i s  probably b e t t e r  than t h e  cone 
f r i c t i o n  c l u t c h .  
More programmed inpu t s  a r e  r equ i r ed  t o  complete an  ope ra t iona l  
cycle;  however , more f l e x i b i l i t y  f o r  a l t e r i n g  the  ope ra t iona l  
mode e x i s t s .  
The ax ia l  feed  lead  screws are exposed t o  the  s o i l  dur ing  the  
spin dump. 
The auger  c a r r i e r  guide r o l l s  could be e l imina ted  by us ing  
three feed  screws dr iven  synchronously.  




















A s  o r i g i n a l l y  presented  t o  JPL, t h i s  auger w a s  t o  be mounted on a t e l e -  
scoping boom. 
The o r i e n t a t i o n  of t he  s o i l  auger w i th  r e s p e c t  t o  the  l o c a l  v e r t i c a l  can 
be achieved by e i t h e r  a p a r a l l e l  bar  l inkage  o r  a c losed  c a b l e  system. 
The c losed  cable  system w i l l  probably provide the  l i g h t e s t  conf igu ra t ion .  
F i n a l  t r ans fe r  of  t h e  s o i l  from the  annular  chamber i n  the  ou te r  support  
housing w i l l  b e  achieved by e r e c t i n g  t h e  boom t o  a v e r t i c a l  p o s i t i o n .  
Since the  s o i l  auger  o r i e n t a t i o n  i s  always maintained i n  a v e r t i c a l  pos i -  
t i o n ,  t h i s  w i l l  p o s i t i o n  the  bottom of t h e  suppor t  housing o r  annular  
A t  t h e i r  sugges t ion  a s h o r t  r i g i d  boom w i l l  be used.  
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s o i l  chamber over t he  end of t he  tubular  boom. 
c l o s i n g  t h e  annular  s o i l  chamber a r e  opened as t h e  s o i l  auger reaches  t h e  
v e r t i c a l  p o s i t i o n  t o  dump the  s o i l  down the  boom t o  t h e  payload sample 
e n t r y  p o r t .  
Two s p r i n g  loaded doors 
Young's Modulus, p s i  
Compressive s t r e n g t h ,  p s i  
T e n s i l e  s t r e n g t h ,  p s i  
Shear s t r e n g t h ,  p s i  






The e f f o r t  expended on t h i s  mechanism c o n s i s t e d  of making a n  estimate of 
t h e  f o r c e s  r e q u i r e d  t o  c rush  a pebble w i t h  a maximum diameter of 5 
mill imeters.  
advantage.  
A t  f i r s t  g lance ,  t h e  toggle  mechanism appears  more d e s i r a b l e  s ince  t h e  
f r i c t i o n  f o r c e s  i n  the  d i f f e r e n t i a l  screw th reads  could  be high.  Some 
t y p i c a l  p r o p e r t i e s  of t h r e e  rock types are given i n  Table V. 
Two b a s i c  mechanisms can  be used t o  develop a h igh  mechanical 
These are a d i f f e r e n t i a l  screw d r i v e  and a toggle  mechanism. 
TABLE V 
TYPICAL ROCK PROPERTIES 
I Rock Type I 
Proper ty  I Quar t z i t e  I Basalt  I Gran i t e  I 





6 Based on t h e s e  va lues ,  a va lue  for  Young's modulus of 9x10 
compressive s t r e n g t h  of 50,000 ps i ,  w a s  assumed i n  t h e  c a l c u l a t i o n s ,  A 
maximum f o r c e  of 1600 pounds was c a l c u l a t e d  t o  be r equ i r ed  on t h e  j a w  t o  
c rush  a d i s c  5 m i l l i m e t e r s  i n  diameter ,  A des ign  jaw f o r c e  of 2000 
pounds was used i n  a l l  subsequent c a l c u l a t i o n s D  The j a w  d e f l e c t i o n  re- 
qu i r ed  was c a l c u l a t e d  based on a sphere being compressed between two 
f l a t  p l a t e s  s u f f i c i e n t l y  t o  develop the  maximum compressive stress 
a c r o s s  t h e  c r o s s  s e c t i o n  a t  t h e  major diameter of t h e  sphere.  This  should 
g ive  a conse rva t ive  va lue  f o r  the  r equ i r ed  d e f l e c t i o n  t o  cause f r a c t u r e  
s i n c e  t h e  maximum stress a t  t h e  point  of c o n t a c t  i s  460,000 p s i .  Timo- 
shenko i n  Volume I1 "Strength of Materials'' on page 357 quotes  a t y p i c a l  
va lue  of 530,000 f o r  a c r u c i b l e  s tee l  b a l l .  An order  of magnitude less 
could  be expected from rock based on t h e  r e l a t i v e  s t r e n g t h  va lues  f o r  
p s i  and a 
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rock and s t e e l ,  
ob ta ined  from these c a l c u l a t i o n s .  
A r equ i r ed  d e f l e c t i o n  o r  j a w  movement of .04 inches  w a s  
The j a w  crusher  mechanism envis ioned i n  these  c a l c u l a t i o n s  i s  shown 
schemat ica l ly  i n  F igure  3 .  
SUPPORT PIVOT TAPERED OPENING BETWEEN FACES 
FIGURE 2 7 .  SOHEMATIC OF JAW CRUSHER MECHAN'ISM 
Equattions were der ived  r e l a t i n g  t h e  r equ i r ed  a c t u a t i o n  f o r c e ,  t h e  j a w  
f o r c e ,  and the geometry, Using these  equa t ions ,  t h e  v a r i a t i o n  i n  r e -  
qu i r ed  ac tua t ion  f o r c e ,  F ,  and t h e  r e q u i r e d  j a w  movement, 6 ,  were calcu-  
l a t e d  f o r  a s e t  of va lues  d e f i n i n g  the  geometry t h a t  might be t y p i c a l  of 
a min ia tu re  crushera 
These assumed va lues  were a = 5 i nches ,  b = 4 i nches ,  c = 2 inches ,  and a 
j a w  f o r c e  of 2000 pounds. The v a r i a t i o n  of t h e  r equ i r ed  a c t u a t i o n  f o r c e  
and j a w  d e f l e c t i o n  wi th  t h e  togg le  l i n k  a n g l e  cy i s  given i n  F igu re  27,  
is  seen  t h a t  f o r  t h e  es t imated  p r o p e r t i e s  of t h e  pebble be ing  crushed ,  a n  
a c t u a t i o n  force  of 535 pounds and an i n i t i a l  toggle  l i n k  a n g l e  of 1484 
degrees  are requi red  t o  produce a j a w  movement of .04 i nches  w i t h  s u f f i c i e n t  



















d e f l e c t i o n  does not  s i g n i f i c a n t l y  reduce t h e  r e q u i r e d  a c t u a t i o n  f o r c e .  
The va lues  obtained i n d i c a t e  such a mechanism i s  f e a s i b l e ;  however, it 
should be  pointed ou t  t h a t  t h e  assumed c o n f i g u r a t i o n  does n o t  r e p r e s e n t  
a n  optimum. Other combinations of l i nk / j aw geometry could  produce more 
f avorab le  r e l a t i o n s h i p s .  
S ince  t h i s  i n i t i a l  work on the  j a w  c r u s h e r ,  t h e  e f f o r t  has  been r e d i r e c t e d  
t o  pursue a design f o r  a min ia tu re  r o t a r y  c rushe r  based on a breadboard 
model b u i l t  and t e s t e d  by JPL.  
f o r  t h i s  mechanism r e f l e c t  t h i s  r e d i r e c t i o n .  I n i t i a l l y  i t  was thought 
t h a t  t h e  jaw c rushe r  would be  less s u s c e p t i b l e  t o  jamming by any ma l l eab le  
metall ic ma te r i a l .  This can  be prevented i n  t h e  r o t a r y  c r u s h e r ,  which i s  
much more compact, by s e p a r a t i n g  material  w i t h  h igh  magnetic permeabi l i ty  
b e f o r e  i t  e n t e r s  t h e  c r u s h e r .  Thus, a pre l iminary  s e p a r a t i o n  of material  
f e d  t o  t h e  c rusher  w i l l  c a t c h  and hold t h e  magnetic p a r t i c l e s ,  which are 
presumed t o  b e  m e t a l l i c  m e t e r o i t e s .  
material  below 300 microns i n  s i z e  and bypass these  around t h e  c rushe r  t o  
keep from loading the c r u s h e r  and reduce t h e  product ion  of t h e  v e r y  f i n e  
p a r t i c l e  s i z e  popula t ion  t o  a minimum. 
The des ign  c r i te r ia  given i n  Sec t ion  2.0 
It w i l l  a l s o  s e p a r a t e  t h e  f i n e  
3.5.8 PARTICLE SIZE SORTER, E-8 
Severa l  concepts f o r  performing t h i s  process ing  ope ra t ion  were genera ted  
under the  fundamental assumption t h a t  t h e  s i z e  s o r t i n g  i s  in tended  t o  
prepare  the  sample f o r  use  i n  a n a l y t i c a l  ins t ruments  such as  the  pe t ro -  
graphic  microscope or  t h e  X-ray d i f f r a c t o m e t e r .  On t h i s  b a s i s ,  t h e  
p a r t i c l e  s i z e  s o r t e r  has  t o  sepa ra t e  the r a w  sample i n t o  t h r e e  c u t s .  
These were defined i n  t h e  des ign  c r i t e r i a  f o r  t h i s  mechanism t o  be  
d > 50&, 125p < d C 50@, and d < 1 2 5 ~ .  Two b a s i c  approaches a r e  a v a i l -  
a b l e  t o  perform a s i z e  s o r t i n g  ope ra t ion .  One i s  t o  pass t h e  material  
through a s e t  of s c r e e n s ,  as i s  conven t iona l ly  done. The o t h e r  i s  t o  
u t i l i z e  t h e  e f f e c t  of t e rmina l  v e l o c i t y  v a r i a t i o n  f l u x  w i t h  p a r t i c l e  
s i z e  t o  sepa ra t e  p a r t i c l e s  u s ing  a pneumatic flow sys tem,  
of t he  l a t t e r  system i s  t h a t  s i z e  s o r t i n g  i s  no t  accomplished independently 
' of the  material d e n s i t y .  I n  a d d i t i o n  t o  t h e s e  two approaches e i t h e r  b a t c h  
process ing  or continuous flow process ing  can  be used. On t h i s  b a s i s ,  fou r  
des ign  concepts were genera ted  and are shown schemat i ca l ly  i n  F igure  2 8 .  
A disadvantage 
Concept (1) is a r e c i r c u l a t i n g  c losed  flow pneumatic system. It was 
assumed t h a t  f o r  t h e  low atmospheric p re s su res  e x i s t i n g  on Mars t h a t  t h i s  
would have t o  be  a sea l ed  and p res su r i zed  system t o  o p e r a t e .  I n  ope ra t ion  
t h e  r a w  s o i l  sample  i s  metered out  of t h e  hopper i n  a d i spe r sed  cond i t ion  
and f a l l s  i n t o  the  c e n t r a l  tube .  The upward flow v e l o c i t y  i n  t h i s  tube  i s  
s u f f i c i e n t l y  l a r g e  t o  e n t r a i n  a l l  p a r t i c l e s  500 microns i n  diameter o r  
less. These a r e  c a r r i e d  through the  blower i n t o  t h e  annu la r  o u t e r  r e t u r n  
chamber. T h i s  chamber i s  s i z e d  t o  reduce t h e  f low v e l o c i t y  t o  a very low 

















t he  ve ry  s m a l l  p a r t i c l e s  obeying Stoke 's  Law remain en t r a ined  i n  t h e  flow 
and cont inue  t o  r e c i r c u l a t e  as long as t h e  process ing  cont inues .  
t h e  r a w  sample has been processed,  t h e  coa r se  c u t  and in t e rmed ia t e  c u t s  
are removed o r  dumped. 
chamber sweeps the  in te rmedia te  cu t  t o  the  dump p o r t .  
t hese  two c u t s ,  the  e x i t  po r t s  a r e  c losed  and t h e  f i n e  material i s  allowed 
t o  se t t le  o u t ,  t he  ma jo r i ty  of which w i l l  be  on the  f l o o r  of t h e  annular  
chamber because of t h e  l a r g e r  volume involved.  This  f i n e  c u t  can then  be 
swept t o  another  dump p o r t  and c o l l e c t e d .  It should be noted t h a t  t h e  
p re s su r i zed  atmosphere of t h e  system should be maintained dur ing  the  dump 
o r  c o l l e c t i o n  of t he  va r ious  c u t s  of s a m p l e ,  
When a l l  
A brush t r a v e r s i n g  the  bottom of the  annular  
Af t e r  removing 
Concept (2) i s  a convent ional  s i ev ing  system v i b r a t e d  i n  a v e r t i c a l  d i r e c -  
t i o n .  
s l i d i n g  f i t  i n s i d e  a housing. The r a w  sample i s  introduced i n t o  the  top  
chamber and t h e  l i d  on the  housing i s  c losed .  Vertical o s c i l l a t i o n  i s  
then  i n i t i a t e d  and cont inued u n t i l  s i e v i n g  i s  complete.  
then  p ivoted  t o  a h o r i z o n t a l  pos i t i on  t o  t r a n s f e r  o r  dump the  va r ious  c u t s  
i n  each of t h e  s i e v i n g  chambers. 
p o r t s  c u t  i n t o  the  w a l l  which are  blocked o r  c losed  by the  c l o s e  f i t t i n g  
housing dur ing  the  s i e v i n g  operat ion.  To e f f e c t  the  sample dump, t h e  
c y l i n d r i c a l  body i s  r o t a t e d  i n s i d e  t h e  h o r i z o n t a l  housing u n t i l  the  p o r t s  
a l i g n  themselves wi th  corresponding p o r t s  i n  t h e  housing. O s c i l l a t i o n  of 
t he  c y l i n d r i c a l  body cont inues  during t h i s  ope ra t ion  caus ing  t h e  va r ious  
c u t s  of sample t o  be shaken i n t o  the r e c e i v i n g  hoppers or  sample c o n t a i n e r s .  
The assembly i s  then  r e tu rned  t o  the v e r t i c a l  p o s i t i o n  f o r  t he  next  s i e v i n g  
c y c l e .  
The s i e v e s  are mounted i n  a c y l i n d r i c a l  body which has  a c l o s e  
The housing i s  
The o s c i l l a t i n g  c y l i n d r i c a l  body has  
Concept (3) u t i l i z e s  t h e  concept of a v i b r a t i n g  conveyor t o  s imultaneously 
provide the  a g i t a t i o n  r equ i r ed  f o r  s i e v i n g  and t h e  energy necessary  t o  
move t h e  sample a long  the  screen .  The b a s i c  mechanism c o n s i s t s  of a coa r se  
sc reen  mounted over a f i n e  screen  i n s i d e  a r ec t angu la r  con ta ine r  which i s  
v i b r a t e d  both  v e r t i c a l l y  and h o r i z o n t a l l y  i n  harmonic motion. The r a w  
sample i s  metered onto the coa r se  screen  which i s  then  conveyed toward 
t h e  h igher  end. A s  t h e  sample i s  t r anspor t ed  a long  the  screen  t h e  f i n e r  
mater ia l  f a l l s  through. The completeness of s i e v i n g  i s  determined by the  
dwell t i m e  on the  sc reen .  
of f  t he  h igher  end of t he  screens  or  lower su r face  i n t o  t h e i r  r e s p e c t i v e  
sample c o n t a i n e r s .  
The var ious  c u t s  are u l t i m a t e l y  t r anspor t ed  
Concept ( 4 )  u t i l i z e s  a series of concent r ic  sc reens  and an  ou te r  cy l inde r  
which i s  s lowly r o t a t e d .  
c a l  sc reen  which i s  t h e  coarse  screen.  
some s l i g h t  downward angle  so  t h a t  as t h e  sample i s  tumbled i n s i d e  t h e  
sc reens ,  i t  n o t  only f a l l s  through t h e  sc reen  b u t  progresses  a long  i t  
toward t h e  dump end where i t  f a l l s  i n t o  the  appropr i a t e  c o n t a i n e r s .  A 
wiper  b l ade  running i n s i d e  t h e  outer c y l i n d e r  would prevent  t he  f i n e  
The raw sample i s  metered i n t o  the  inner  c y l i n d r i -  





















sample from tumbling and a i d  i n  causing i t  t o  t r a n s p o r t  t o  the d e l i v e r y  
end. An advantage of t h i s  system is  t h a t  t h e  su r face  area of t h e  f i n e  
sc reen  i s  much l a r g e r  than the  coarse s c r e e n  thereby making more mesh 
openings a v a i l a b l e  f o r  t h e  f i n e  ma te r i a l .  This  should improve the  
s i e v i n g  ra te  of t h e  f i n e r  material which i s  known t o  become more d i f f i -  
c u l t  a s  t h e  mesh s ize  dec reases .  A disadvantage of t h i s  concept i s  t h a t  
i t  i s  probably s e n s i t i v e  t o  o r i e n t a t i o n  which might r e q u i r e  a gimbal system 
t o  provide f i n a l  o r i e n t a t i o n  wi th  r e s p e c t  t o  t h e  l o c a l  v e r t i c a l .  
These i n i t i a l  concepts  were generated e a r l y  i n  t h e  t a s k .  Af t e r  a review 
by J P L ,  i t  was i n d i c a t e d  that  t h i s  mechanism should be based on t h e  
e x i s t i n g  breadboard p a r t i c l e  s i z e  s o r t e r  used wi th  t h e  pe t rographic  
microscope be ing  developed a t  JPL.  
t h i s  mechanism was t o  r e t a i n  the fundamental f e a t u r e s  of t he  JPL bread-  
board des ign  us ing  screens  canted a t  a 45 degree ang le .  O s c i l l a t i o n  of 
t h e  s i e v i n g  chamber about  a f i x e d  a x i s  produces not only v e r t i c a l  motion 
b u t  a l s o  provides  a c e n t r i f u g a l  a c c e l e r a t i o n  which w i l l  cause the  p a r -  
t i c les  t o  d r i f t  towards t h e  s i ev ing  sc reen .  The p r ime  i n t e n t  of t h i s  
mechanization was t o  mechanize it i n  a more compact form and t o  expand 
i t s  c a p a b i l i t y  t o  se rve  o the r  instruments as  w e l l  a s  t h e  pe t rographic  
microscope. To accomplish the  la t ter  g o a l ,  a d d i t i o n a l  doors were i n c o r -  
pora ted  i n t o  t h e  bottom of each of t h e  s i e v i n g  chambers as  w e l l  a s  those  
e x i s t i n g  i n  t h e  top  which se rve  the pe t rographic  microscope. This device  
i s  c o n t r o l l e d  through a mechanical programmer us ing  cam a c t u a t i o n .  Th i s  
program can be  subdivided i n t o  two subprograms, one which c o n t r o l s  a 
s i e v i n g  and d ispens ing  c y c l e  f o r  the pe t rographic  microscope and t h e  
o t h e r  c y c l e  c o n t r o l s  a genera l  purpose s i e v i n g  cyc le  t o  se rve  some o t h e r  
i n s t rumen t .  The sequence of events f o r  t h e s e  cyc le s  are  given i n  Table V I .  
The proper cam program i s  engaged by means of over-running c l u t c h e s  
depending on t h e  d i r e c t i o n  of r o t a t i o n  of t h e  d r i v e  motor. 
The b a s i c  des ign  approach used f o r  
A f t e r  a review by JPL, i t  w a s  i nd ica t ed  t h a t  t he  need t o  s e r v i c e  the  
pe t rographic  microscope should be d e l e t e d  making t h i s  only a gene ra l  
purpose p a r t i c l e  s i z e  s o r t e r .  Thus, t h e  A p a r t  of t he  sequencing program 
can  be d e l e t e d  and t h e  mechanism cons iderably  s i m p l i f i e d  by t h e  e l i m i n a t i o n  
of process ing  s t e p s .  Two approaches were used f o r  t h e  s o i l  f eed  mechanism 
t o  load  t h e  sample weighing cup. One method used a v i b r a t o r y  conveyor t o  
f e e d  t h e  sample t o  the  cup. The o ther  used a n  auger t o  feed the  sample t o  
t h e  cup. JPL i n d i c a t e d  t h a t  the v i b r a t o r y  f eed  mechanism would probably 
be t o o  s e n s i t i v e  t o  o r i e n t a t i o n  and t h a t  t h e  auger f eed  appeared t o  be 
p r e f e r a b l e .  
mechanism. 
The auger f eed  w i l l  be used i n  t h e  f i n a l  des ign  of t h i s  
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TABLE V I  
PARTICLE SIZE SORTER SEQUENCE OF EVENTS 
A .  PETROGRAPHIC MICROSCOPE SIEVING CYCLE 
1. 
2. 
3 .  
4 .  








1 3 .  
Raw sample hopper i s  loaded from sampling mechanism, by 
ex te rna l  comand. 
External  command a c t u a t e s  s o i l  feed mechanism t o  t r a n s f e r  
sample t o  the  weighing cup. 
Weight sensor provides  input  t o  terminate  s o i l  feed when 
1 gram i s  i n  cup and a c t u a t e s  main d r i v e  motor t o  s t a r t  cam 
program and s i eve  o s c i l l a t i o n .  
C a m  opens weighing cup dump doors dropping sample i n t o  s i eve  
mechanism. 
Cam c loses  dump doors (20 seconds).  
Sieving cyc le  cont inues  f o r  2 minutes.  
Cam opens upper f i n e  c u t  dump p o r t  and holds  i t  open f o r  10 
seconds t o  e f f e c t  sample t r a n s f e r  t o  s l i d e .  
Cam c loses  upper f i n e  c u t  dump p o r t  (20 seconds).  
Cam opens upper in te rmedia te  c u t  dump p o r t  and holds  i t  open 
f o r  10 seconds t o  e f f e c t  sample t r a n s f e r  t o  s l i d e .  
Cam c loses  upper in te rmedia te  c u t  dump p o r t  (20 seconds) .  
Cam a c t u a t e s  switch t o  r eve r se  p o l a r i t y  t o  main d r i v e  motor. 
(This r e l e a s e s  pe t rographic  microscope s i ev ing  program cams 
and engages genera l  s iev ing  program cams.) 
Cam a c t u a t e s  dump p o r t  t o  t r a n s f e r  r e s idue  out  of s i ev ing  
mechanism. 
Cam c loses  dump p o r t  and te rmina tes  opera t ion .  
B. GENERAL PURPOSE SIEVING CYCLE 
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9 .  
10. 
11. 
External  command a c t u a t e s  s o i l  feed mechanism t o  t r a n s f e r  
sample t o  weighing cup. 
Weight sensor provides  input  t o  te rmina te  s o i l  feed when 
5 grams a r e  i n  cup and a c t u a t e s  main d r i v e  motor t o  s t a r t  
cam program and s i e v e  o s c i l l a t i o n .  
Cam opens weighing cup dump doors dropping sample i n t o  s i e v e  
mechanism. 
Cam c loses  dump doors (20 seconds) .  
Sieving cyc le  cont inues  for  2 minutes .  
Cam opens lower f i n e  c u t  dump p o r t  and holds  i t  open 10 
seconds t o  e f f e c t  sample t r a n s f e r  t o  r ece iv ing  c o n t a i n e r .  
Cam c l o s e s  lower f i n e  c u t  dump p o r t  (20  seconds) .  
Cam opens lower in t e rmed ia t e  c u t  dump por t  and holds  i t  open 
f o r  10 seconds t o  e f f e c t  sample t r a n s f e r  t o  r ece iv ing  con ta ine r  
Cam c loses  lower in te rmedia te  c u t  dump p o r t  (20  seconds).  
Cam a c t u a t e s  dump p o r t  t o  t r a n s f e r  r e s idue  out of s i e v i n g  
mechanism. 
Cam c loses  dump p o r t  and te rmina tes  opera t ion .  






















A s  of t h e  l a s t  review meeting he ld  a t  Philco-Ford, a l l  des ign  e f f o r t  w a s  
reviewed and sugges t ions  f o r  t he  f i n a l  design e f f o r t  were made. These 
are i temized as fol lows:  
4.1 UNCASED ROTARY/ IMPACT DRILL SAMPLER, E-1 
(a) Do no t  use  a mixture  of pneumatic t r a n s p o r t  w i t h  mechanical 
t r a n s p o r t  of t h e  sample. A mechanical t r a n s f e r  of t h e  sample 
when the  d r i l l  i s  i n  i t s  stowed p o s i t i o n  w i l l  be used. 
(b) The p a r a l l e l  bar  l inkage f o r  deploying t h e  d r i l l  w a s  acceptab le  
and w i l l  be used. 
4 . 2  CASED ROTARY/IMPACT DRILL SAMPLER, E-2 
No f u r t h e r  e f f o r t  on t h i s  des ign  i s  t o  be pursued, 
4 . 3  CONICAL ABRADING SIEVE CONE SAMPLER, E - 3  
(a) The i n t e r m i t t e n t  pneumatic t r a n s p o r t  u s ing  t h e  valved chamber 
i n  t h e  a c q u i s i t i o n  head i s  p re fe r r ed .  
(b) P a r a l l e l  bar  deployment l inkage would a l s o  be used w i t h  t h i s  
sampler mechanism. 
( c )  The a x i a l  f eed  should be mounted on t h e  same s t r u c t u r e  as t h e  
gimballed sampler so t h a t  t h r u s t  i s  always i n  the  same d i r e c t i o n  
as  t h e  ho le  be ing  d r i l l e d .  
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4.4 HELICAL CONVEYOR SIMPLE PARTICULATE SAMPLER, E - 4  
Sampler, E-4 
(a) The s i n g l e  bend h e l i c a l  conveyor conf igu ra t ion  was accep tab le  
fo r  t h e  f i n a l  design.  
(b) The s i z e  of t h e  d r i v e  motor should be inc reased  and mounted 
above and p a r a l l e l  t o  t he  h e l i c a l  conveyor housing.  
(c) The t i p  c u t t e r  design should inco rpora t e  tungs ten  ca rb ide  
i n s e r t s  a t  the  en t r ance  t o  t h e  conveyor housing t o  minimize 
wear. Also ,  a lower lead  o r  p i t c h  on the  conveyor h e l i x  should 
be used a t  t h e  en t rance  t o  t h e  conveyor housing than f o r  t h e  
res t  of t h e  conveyor. 
4.5 BACKHOE SAMPLER, E-5 
(a) Use the mechanical ly  ex tend ib le  boom w i t h  a maximum extens ion  
length  of 5 f e e t .  
(b) Consider t h e  use  of bands or  tape  d r i v e s  r a t h e r  than  gear  d r i v e s  
on t h e  azimuth and e l e v a t i o n  d r i v e s .  
(c) Use the motor dr iven  scoop w i t h  t h e  motor mounted on t h e  t i p  of 
the boom. 
4.6 SOIL AUGER SAMPLER, E-6 
(a) The lead  screw feed  approach w a s  accep tab le  f o r  t h e  f i n a l  des ign .  
Actually both  approaches are a p p l i c a b l e  s i n c e  no r ea l  d i f f e r e n c e  
i n  t h e  c o n f i g u r a t i o n a l  envelop e x i s t s .  
(b) The deployment of t h i s  sampler w i l l  u se  a s h o r t  r i g i d  boom. 
Paral le l  c a b l e  system w i l l  be used t o  main ta in  t h e  o r i e n t a t i o n  
of t h e  sample r  w i th  r e s p e c t  t o  t h e  l o c a l  ve r t i ca l .  
(c) Consider t he  use  of bands or tape  d r i v e s  on t h e  e l e v a t i o n  and 
azimuth d r i v e s .  
4.7 MINIATURE ROTARY CRUSHER, E - 7  
(a) Use t h e  dimensional conf igu ra t ion  f o r  t h e  r o t o r  of t h e  JPL 
' breadboard model i n  the  f i n a l  design.  
(b) Incorpora te  a g r i z z l y  t o  s e p a r a t e  l a r g e  pebbles  and provide a 
means of s epa ra t ing  high permeabi l i ty  magnetic m a t e r i a l .  
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(c) Bypass the f i n e  mater ia l  around the  c rushe r  r a t h e r  than running 
i t  through the  c rushe r .  
4 . 8  SAMPLE SIZE SORTER, E - 8  
(a) El iminate  the  petrographic  microscope func t ion ,  This  w i l l  be 
only a genera l  purpose s o r t i n g  mechanism. 
(b) The o s c i l l a t i n g  c rank  arm d r i v e  should a c t  a t  the c e n t e r  of 
percuss ion  t o  minimize product ion of excess ive  v i b r a t i o n  because 
of increased  r e a c t i v e  forces  a t  the p i v o t .  
( c )  There i s  no need t o  c lose the sample i n l e t  p o r t .  
(d)  Doors must be c losed  very t i g h t l y  wi th  a pre load  t o  prevent  
sample loss dur ing  the  s i ev ing  cyc le .  
It i s  p ro jec t ed  t h a t  a l l  f i n a l  designs w i l l  be completed by 8 May 1968. 
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